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OoOopoTHas cTopoHa THTYJbHOro jaucra PITY /|

I.Pa0bo4as mporpamma nepecMOTpeHa M YTBepaKIeHa 10 04HOI M 3204HOil (popmam oOydenus Ha 2017 roa.
OcHoBaHue - y4eOHbIE TUIaHbI 110 IporpaMMam crernuanurera «CaMoseTo- U BepTOIETOCTPOSHNE» OYHOH 1
3a04HOH (hopM 0O0yUeHHS, YTBEpXKICHHBIE NEPBBIM IpoekTopoM JIBDY or 15.07.2021 .

ITpoToxkon 3acenanus kadenpsl Camorero- u BepronerocTpoeHus or «04» centsopst 2021 r. Nel
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II.PaGoyass mporpaMma nepecMOTpeHa Ha 3aceJaHUMU Kadeapbl:
[Iporokon ot « » 20 r. Ne
3aBenyronmii Kadeapoi

(moamuce) (M1.0. damumms)



AHHOTAIUA K padoyeil mporpaMmMe QM CHUNINHBI
«MarepuanoBeaeHue»

VYueOnass  gucruiuinHa — «MarepuasioBeZieHHe» — MpefaHa3HadeHa IS
CTYIIEHTOB 2 Kypca creunanbHocTu 24.05.07 Camonéro- U BEpTOJIETOCTPOECHUE,
cnenuanuzanus «BepTronérocTpoeHne» OYHOM U 3a0uHOM dopMm 00yueHwus,
MEPBOT0O Kypca 3a04HOoN (hopMbl 00ydeHus yckopeHHoe o0yuenue Ha 6aze CIIO.

Tpyn0EMKOCTh TUCHMIUIMHBI COCTaBiseT: 4 3a4€THbIC eauHulbl, 144 yac., B
TOM uucie, Jekuuu - 36/ 10/ 8 wuac., mabopatopusie pabotsl - 18/ 8/ 8 wuac.,
nmpaKTH4eckue 3anatusa 18/ -/ - yac., camocrositenbHas padorta - 72/ 126/ 56 yac., B
TOM YHCJIe, Ha MIOATOTOBKY K dK3ameHy - 27/ 9/ 9 wac.

JlucrumiamHa OTHOCHTCS K 0a30BOM 4YacTH y4yeOHOTO IUIaHa IO JIaHHOU
CHEIMAIbHOCTH.

JNucunruimHa — «MarepuanoBeieHHe»  HaxXOAUTCA B JIOTMYECKOW U
COJIEPKATETHHO-METOIUYECKON B3aMMOCBSI3U C TAKUMHU YUEOHBIMHU TUCIUTUIMHAMUA
0a30Bo¥ yacTu y4yeOHOro TulaHa, Kak: (pusuka, Xumus. «BXOAHBIMUY 3HAHUSMU U
YMEHUSIMHU, HEOOXOUMBIMH JJII OCBOCHHSI MaTEpUaIOBEICHUs 00yUYaOIUMUCS, B
o0nact (HM3MKHM BBICTYMAIOT CIEAYIOIINE TEMbl: OCHOBBI MOJICKYJISIPHON (DU3UKH
U TEPMOJUHAMHUKHU, 3aKOHBI IUDPy3uH, TEPMOJAMHAMHUKHU, DIIEMEHTHI (PUIUKU
aTOMHOTO Si7Jpa W AJIEMEHTAPHBIX YaCTHUIl; B 00JIACTH XUMHUU: CTPOCHHUE ATOMOB,
nepuoandeckas cucrema [[.M. MeHnneneeBa, TUIIBI CBSI3€M B TBEPABIX TeJax,
HHEPreTUKa XHWMHUYECKUX TIPOIECCOB, MpaBuio (a3, o0Imas XapaKTepucTUKa
XUMHYECKHUX 3JIEMEHTOB M UX COCIMHEHUH, TEOPUST KOPPO3HH METAIIIOB..

B cBoro ouepens, npeaMETHOE 3HAHUE MATEPUATOBENICHUS SBISETCS OIHUM
U3 COCTaBJISAIONIMX (PYHIAMEHTATFHOTO WHBAPUAHTHOTO sApa (OPMHUPOBAHUS
CTPYKTYpPhl W COJIEp)KaHUs 0a30BBIX TUCIUIUIMH MPO(HECCHOHATBLHOTO ITHKJIa
MOJIFOTOBKU CHEIMAITUCTOB o CHEIHATLHOCTH «Camonéro- u
BepToi€TocTpoeHue». Tak, cTpykrypHas enuHuna «TexHomorusi 00pabOTKU

ABHMAIIMOHHBIX MATCPpHUAJIOB» H «HeTaJII/I MCXaHU3MOB M MallMH» B KadYCCTBC



TeopeTudecko  tuarpopmbl  MMeeT, B TOM  YUCJI€  JUCHUIUIHHY
«MarepuanoBenenue». CTpykTypHble eauHHIbl «COMpPOTHBICHUE MaTEpHAIIOBY,
«Konctpyknus camonéra (Bepronéra)», «KoHcTpyupoBanue aeraneil U y3jioB» B
CBOEM OCHOBAaHUU MMEIOT (yH/IaMEHTAJIbHBIE MTOJIOKEHHSI, B TOM 4YHCIE, B 0071acTh
MatepuanoBenenus.  [IpodeccronanbHO-IEATEIBLHOCTHBIE  METONbI  BBIOOpA
paIoHaIbHBIX M SKOHOMHYHBIX MAaTEPHUaIOB, METOJOB UX YIPOUYHEHUS, 3alIUTHI
OT Koppo3uu, GopMUpyeMble B TMPOIECCe W3YUYCHHS MaTepHaIOBEICHMUS,
BBICTYIIAIOT B KA4ye€CTBE OPUEHTHUPYIOUIEH OCHOBBI OpPraHMU3AIMH IMPEIMETHOTO
COJIEp>KaHUsl BBIIIE YKA3AHHBIX JUCIMILINH.

Lenp nucuurmumuel: - (opMmupoBaHHe MNPOPECCHOHATHLHO-IEATEIHBHOCTHOM
KOMITOHEHTBI CHUCTEMbl 3HAHMNW B O00JaCTH MAaTE€pPUANOBEICHUS, BBIPAOOTKA Y
CTYJICHTOB HAy4YHO-OOOCHOBAaHHBIX HABBIKOB 1O BbIOOPY  ONTHUMAJIbHBIX
MaTEpUaIoOB ISl W3TOTOBJIEHUS  MAIIMHOCTPOUTENBHBIX M  aBHAIIMOHHBIX
KOHCTPYKIIUN, pPaIMOHAIBHBIX METOJOB MX YNPOUHSAIOIIEH 00pabOTKH, METOJOB
MOIU(DUIIMPOBAHUS ¥ 3aIIUTHl OT KOPPO3WH, a TaKk ke (OpMUPOBAHUE
OOIIEKYJIbTYPHBIX ¥  NPOGECCHOHANBHBIX  KOMIETEHIMA  O0ydaromerocs,
dbopMupyembie B pe3ybTaTe OCBOCHUS AUCIUTLINHBI.

3amaun JUCIHUIUIMHBI CPOPMHUPOBATH:

* CIIOCOOHOCTH BBIABIATH CYIIHOCTh HAYyYHO-TEXHUYECKUX MPOOIeM B 00JacTH
MaTepHUATOBEICHNS, BOZHUKAIOMINX B X0JI¢ MPOGECCUOHATLHOU JeSTeIbHOCTH

* CIIOCOOHOCTH JIEMOHCTPUPOBATH 0A30BbIC 3HAHUS B 00JACTH MaTE€pPUAIOBEICHHUS
U TOTOBHOCTh HCIIOJIb30BaTh OCHOBHBIE 3aKOHBI B MPOGECCHOHATBHOM
JeSITEIbHOCTH, MPUMEHSITh METOJNbI, TEOPETUUYECKOTO U IKCIEPUMEHTAIHLHOTO
MCCIIeI0BAHUS

* CHOoCOOHOCTh  (hOPMHUPOBATH 3aKOHYEHHOE TMPEJCTABIEHHWE O TMPUHITHIX
WHKCHEPHBIX PEUICHUSX U TOJYYEHHBIX pe3ysibTarax B BHJE OTYETa C €ro
nyOnukauei (myOJIUYHON 3a1UTOM)

JIis  ycmemHoro  W3y4eHUs —JUCHUIUIMHBL  «MaTtepuanoBeieHue» y
OOyYaronmxcsi JOJDKHBI ObITh  CPOPMHUPOBAHBI  CIEAYIOIIME TPEBAPUTEIbHEIC

KOMIICTCHIIMH:



OK-7. Brmanenue KyjiabTypOiH MBIIIUICHHs, CIIOCOOHOCTh K OOOOIIEHHUIO, aHAIHU3y,
KPUTHUYECKOMY OCMBICIICHUIO, CHCTEMAaTH3allid, MPOTHO3WPOBAHMIO, MOCTAHOBKE
1esel U BeIOOpy MyTel MX JOCTHKEHUS

OK-8. CiocoOHOCTh IPUMEHSTh METOJbI M CPENICTBA TIO3HAHUS, CaMOOOYyUYEHUs U
CAMOKOHTPOJIS Ui TNPUOOpPETEeHUS HOBBIX 3HAHUW M yYMEHUH, pa3BUTHS
COLIMATIBHBIX U MPO(ECCUOHANBHBIX KOMIETEHITHMA

OIIK-2. CnocoO6HOCTh K caMOOOpa30BaHUIO M HWCIOJB30BAHUIO B MPAKTUYECKOU
JEATEIbHOCTH HOBBIX 3HAHUN U YMEHUI

OIIK-8. Bnanenue OCHOBHBIMH METOJaMH, CIIOCOOAMHU U CPEACTBAMH TOJTYUYECHHUS,
XpaHeHus, mnepepaboTku HHPOpMAIMH, yMEHHE pPadoTaTh C KOMIBIOTEPOM Kak
CPEICTBOM yTpaBiieHus: nHbopMaIuen

[1K-18. '0TOBHOCTH K MOJATOTOBKE U MPOBEIECHUIO SKCIIEPUMEHTOB U aHAIIM3Y UX
PE3yIbTATOB

B pesynbraTre uzyueHUs JAHHOW IUCHUIUIMHBI y OOy4Yaromuxcs (OpMUPYIOTCS
cienyrone oonenpodeccHoHaIbHbIE KOMITETCHIINHN:

OIIK-4 - CriocoOHOCTh OPraHU30BBIBATH CBOM TPYJZl U CAMOCTOSITENIbHO OIICHUBATH
pe3ysbTaThl CBOEM MPO(EeCCHOHANBHON JEeATENbHOCTH, BIAJETh HABBIKAMU
CaMOCTOSITENILHOM paboThl, B TOM uucie B cdepe MPOBEACHHUS HAyYHbBIX
HCCIIEIOBAHUN

OIIK-6 -  CrnocoOHOCTh CaMOCTOATEIHHO WJIM B COCTaBE TPYIIBI OCYIIECTBIATh
HAYYHBIN TIOUCK, Peain3ys CHelHUaIbHbIe CPEICTBA U METO/IbI MOJIYYSHHS] HOBOTO
3HAHUS

npodeccruoHallbHbIE KOMITETEHITUU

[IEC-] - ['OTOBHOCTB K PEIICHUIO CIOKHBIX MHKEHEPHBIX 3371a4 C UCIOJIb30BAHUEM
0a3bl 3HAHUI MAaTEMaTUYECKUX U €CTECTBEHHOHAYYHBIX TUCITUTUINH

Kommereniuu u stansl GOopMUPOBAHUS KOMIIETEHITUHN MTPEICTAaBICHBI B Ta0IHIIE



Kon u popmynupoBka
KOMIIETeHIIM U

Jtanbl (OPMHUPOBAHUS KOMIIETEHI[UH

OIIK-4 -  cmocoGHOCTB
OpPraHM30BBIBATH CBOU TPYH
u CaMOCTOSITENBHO
OLICHUBATh Pe3yIIbTaThI
cBoeil  mpodeccroHaIbHOM
JIeSITEIbHOCTH, BIIAJIETh
HaBBIKAMU
CaMOCTOSITENbHON paboTh, B
ToM umuciae B cdepe
IPOBEJICHUS HayYHBIX
UCCJICIOBAHUN

3Haer

OCHOBbBI, MCTOJZIbI U IIPUHIUIIBI OPraHu3ali CBOCTO
TpyAaa, IIPUHIMIIBI CaMOCTOSTCILHOM OLCHKH
pPE3yJIbTaTOB ACATCIIBHOCTU II0 OCHOBHBIM BHJAAM
MaTcpuajos, HCIIOJIb3YCMBIX B aBHAallTMOHHOM
MMPpOU3BOACTBE HX CTPYKTYpC U CBOﬁCTBaX, 3HacCT
HCTOYHHKHU I/IH(i)OpMaI_II/II/I 00 OCHOBHBIX BHUAax
MaTcpualosB, HCIIOJIb3YCMBIX B aBHAallTMOHHOM
MMPOU3BOACTBE UX CTPYKTYPY U CBOﬁCTBa, BIIMAHHC
Pa3IMYHBIX TCXHOJOTHYCCKHUX IIponeccoB Ha
CTPYKTYpY U CBOMCTBA MaTcpuaaioB

Ywmeer

CaMOCTOATCIIbHO BOCIIPHHUMATDb, AHAJIN3UPOBATL U
CUCTEMATU3NPOBATDb I/IH(i)OpMaLII/IIO 00 OCHOBHBIX
BUOAX, CTPYKTypax U CBOMCTBaxX METAUIMYECKUX U
HEMCTAJUIMYCCKUX MATCPUAJIOB, HCIIOJIb3YCMbIX B
ABHAIIMOHHOM IIPOU3BOACTBE, B TOM YHUCJIC U IIpU
MMPOBCACHUN HAYYHBIX I/ICCHCI[OBaHI/Iﬁ

Bnaneer

HaBBIKAMU BOCTIPHUATHUA HMHPOpPMALMK O BHUAAX,
CTPYKTypax M CBOMCTBAaX aBHAIIMOHHBIX MaTEpHUajoOB
U3 Pa3NUYHbIX HCTOYHHUKOB W UCIOJIb30BATH OTY
uHpOpMALIMIO B TOM 4YHCIE TpU MPOBEICHUH
HAay4yHOH pabOThl W  HCIOJIb30BAaHHE HABBIKOB
HaY4YHOUH paboThI B po¢eCCHOHAIBHOM
JeSITeNbHOCTU

OIIK-6 - CII0COOHOCTh
CaMOCTOATENIBHO WJIA B
COCTaBe TpyIIBI
OCYLIECTBIIATH HAy4YHBINA
IIOWUCK, peanusys
CIEIMaIbHBIE CpEACTBA U
METOAB! IMOJy4EeHHUs] HOBOTO
3HaHUA

3Haer

OPUHIUIBL U (HOPMBI OpraHU3aIUN
CaMOCTOSITEILHOTO WM, B COCTaBE TPYIIIIHI,
HAYYHOTO MOMCKa UHPOPMALIUU 110
(dbyHIaMeHTaIbHBIM OCHOBAM JAMCLUIUIMHBL,

0a30BbIe TOHATHS, KATETOPUU U 3aKOHOMEPHOCTH 10
OCHOBHBIM THIIAaM ¥ MapKaM MaTepuayioB, UX
CTPYKType W CBOWCTBaX IMOCJIE pPAa3lUYHBIX BHUIOB
TepMOOOPAOOTKH, U TEXHOJIOTMYECKUX MPOIECCOB

Ywmeer

HCII0JIBb30BATb TCOPCTHUYCCKHUEC 3HAHUA IIPU
BBIIIOJIHCHUH IIPOU3BOACTBCHHBIX, TCXHOJIOIHMYCCKHUX
U MHXXCHCPHBIX HCCIIeOBAHUN B COOTBETCTBUU CO
CIICOUaJIbHOCTBIO, BBI6I/IpaTb MaTepualibl 110
KpUTCPHUAM IMPOYHOCTH, KCCTKOCTH, JOJIOBECYHOCTH
B IMPOU3BOJACTBC aBHAIIMOHHBIX KOHCTPYKI_[I/Iﬁ

Bnaneer

HAaBBIKAMH HAYYHOTO TIOMCKAa TI0 PallMOHAILHOMY
BBIOODY MaTepUaJIoB, Ha3HAYCHUIO ero
TepMooOpabOTKM AN TMoNydyeHHs  Tpedyemon
CTPYKTYPbI U CBOIICTB, 00eCIIeUnBaIOIINX
JOJTOBEYHOCTh M HAJEKHOCTh  DJIEMEHTOB
AaBHAIMOHHBIX ~ KOHCTPYKIIMA B KOHKPETHBIX
YCIIOBUSIX; CIIOCOOHOCTBIO aHaJIM3UPOBATH,
HHTEPIPETUPOBATE W 0000marh  (HOHIOBBIC
UH(POPMAIIMOHHBIC JTAHHBIC B obsactu
MaTepHaJIOBEICHUS




(byHIaMeHTaIbHbIC OCHOBBI JICITUTLTHHBL:
OCHOBHBIC THUIIBI M MapKd MaTepualioB, HX
3Haer CTPYKTypy M CBOICTBa TMOCJIE pa3IUYHBIX BHUIOB
TEpMOOOPAaOOTKH, JIMThS, TEXHOJOTUH OOpabOTKH
JaBJICHUEM, CBapKU

BBI6I/IpaTI> Marcpuajibl 110 KPUTCPpUAM IIPOYHOCTH, B

I[IK-1 - cmocoOHOCTH K TOM 4YHCIE, C HWCHOJIb30BaHHEM 0a3bl 3HAHUU
PELICHUIO HIDKEHEPHBIX | MaTeMaTH4YECKUX u €CTECTBEHHOHAYYHBIX
3a/lad ¢ HCIMOJb30BaHUEM JTUCLMIUIMH, JKECTKOCTHU U  JIOJIFOBEYHOCTH B
6a3bl 3HAHUU IIPOU3BOJICTBE ABHALIMOHHBIX KOHCTPYKIUM;
MaTeMaTHYECKHUX u
CCTCCTBCHHOHAYHBIX HaBbIKAMU  pAllMOHAJIBLHOTO BbIOOpa Marepuania,
AUCHUIIINH Ha3HAYECHUS  €ro o6pa60TKH I TIOJy4YCHHS
Tpedyemoit CTPYKTYpBbI u CBOMCTB,

06eCHe‘II/IBaIOI_HI/IX JOJITOBCYHOCTh M HaACKHOCTH
Bnaneet 9JICMCHTOB AdBHAlITMOHHBIX KOHCTPYI(I_II/Iﬁ B
KOHKPCTHBIX YCJIOBHAX 3KCIUIyaTalliu, B TOM YHCIIC,
C HMCIIOJIb30BaHUEM 0a3bl 3HAHHH MaTeMaTUYECKUX U
C€CTCCTBCHHOHAYYHBIX AUCHUILUINH

Hins  dopmupoBaHust  BbIIIE  yKa3aHHBIX KOMIIETEHIIMHM B  pamMKax
JUCHUIUIMHBL «MarepuanoBeeHne» MPUMEHSIOTCA CIEAYIOMIUE METOIbI
AKTUBHOTO/ MHTEPAKTUBHOTO OOYYEHUS:

Jlekunu-pu3yann3amnuu

UccnenoBatenbckue nabopaTopHbie pabOThI € 3JIEMEHTaAMH WMHUTAIMOHHON
npodeccCuoOHAIbHON NIeATEbHOCTH

[IpakTudeckue 3aHATUS C dIEMEHTAMH MMHUTAIMOHHOW MpodeccruoHanbHON
NEeATEIIbHOCTU

Pemenue 3a1au ¢ aHanM30M KOHKPETHBIX MPOU3BOACTBEHHBIX CUTyalUd

Hay‘-IHO-I/ICCJIeI[OBaTeHLCKaH ACATCIbHOCTD

I. CTPYKTYPA U COAEPXKAHUE TEOPETUUYECKOM YACTH KYPCA

(36/ 10/ 8 HAC.)

MOJAYJIb 1. 3akonomepHocTu GOpMUPOBAHNSI CTPYKTYPbI MATEPHAJIOB
(23/ 5/4 gac.)

Paznen I. Ctpoenue u cBoiictBa matepuasion (4/1/ 0,5 gac.)

Tema 1. Beegenue. (1/0,25/ camocTosiTeibHOE U3YyUYeHHE YaC)




MarepuanoBeieHE KaK HayKa O B3aUMOCBSI3M CTPOCHHS, COCTaBa M CBOMCTB
MaTepHUaIoB M CIUIaBOB. Ponb MaTtepuanoB B COBpEMEHHOW TexXHUKe. PaboThl
OTEUYECTBEHHBIX U 3apyOCKHBIX YUEHBIX B 001acTH MaTepuaioBeneHusi. OCHOBHBIC
HAIPAaBIIEHUS B 00JIACTH HAYUYHBIX MCCIIEIOBAaHUN B aBHACTPOCHUHU.

Tema 2. O0mas kjaaccupuKanusa MANIMHOCTPOUTEJbHBIX M ABHALMOHHBIX
MATEPHAJIOB, OCHOBbl PANMOHAJIBHOIO BbIOOPAa KOHCTPYKUHMOHHBLIX H
HHCTPYMEHTAJIbHBIX  MATEPHAJIOB, NPHUMEHSIeMbIX B  MAIIWNHO- H
ABMACTPOCHMH CTPOEHMH, TEXHOJIOTHMH MX YNpPO4YHsAIOWeid o0padoTkn u
3alMTBI 0T Koppo3um (2/ 0,5/ camocTosiTeIbHOE U3YyUYeHHe Yac.)

Tema 3 . Kpucramamueckue u amopgusnie teaa. (1/ 0,25/ camocrosiTeqbHOE
U3yueHue yac.) DieMeHThl kpuctawtorpaduu. Kpucranmuueckas pemerka. TUIibl
KPUCTAJUIMYECKUX PEIIETOK, WX MapameTpbl. PeanbHOE CTpO€HHE KPUCTAILIOB.
Toueunsie nedexrtol. Jlunelinvie nedextol. KpuBas Opunra. IloBepxHOCTHBIE
nedextel. PeanpHas mpodyHocTh. CTpyKTypa HEMETAUIMYECKUX MaTEpHUajioB
(TonMMepsI, CTEKII0, KEPAMUKA).

Pazpnen II. @opmupoBaHue CTPYKTYypbI JUTbIX MeTa/L10B (1/ 0,25/ 0,25 yac.)
Tema 1. Kpucramnuzanusa merasion. (1/ 0,25/ 0,25 gac.)

TepMoauHaMUUecKHEe OCHOBBI KpUcCTauM3aluuu. KuHETHKa KpUCTAJLTU3ALNM.
@akTopbl, BIMAIOIIME Ha MOpouecc Kpuctawmzanuu. CTpoeHUE CIUTKOB.
AHu3oTponusa u noauMophus3M B MeTallIax.

Pazgea III. ®opmupoBanue cTpyKTypbl 1e()OPMHUPOBAHHBIX METALJIOB

(4/ 0,5/0,25 gac.)

Tema 1 . Ilmacrtuveckoe aedpopMHpoBaHMEe MOHO- H TOJMKPHUCTALIOB.
Haxkuen, Bo3Bpar u pekpucraummzanus. (1/ 0,25 / camocrosiTe/ibHOEe M3yUeHHE
qac.)

Mexanuszm mnactudeckoro nedopmupoBanus. OcodeHHOCTH AePOpMUpPOBAHUS
MOHOKpHUCTAIUIOB. JlepopmupoBanre NOIMKpUCTAILUIOB. [ledhopMupoBaHue nByX-
¢aznbix criaBoB. CBOWCTBA X0JI01HOIE(DOPMUPOBAHHBIX METAIUIOB U CILJIABOB.
Bnusinue xomomgHoOW TutacThueckod naedopmanmMu Ha CTPYKTYpY M CBOMCTBA

metaiioB. Haxnen. Tekcrtypa nedopmaruu. BnusHue HarpeBa Ha CTPYKTYpYy U
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CBOMCTBA  XOJIOAHOJE(HOPMUPOBAHHBIX METaJUIOB. Bo3sspar. IIpouecc
MOJINTOHU3ALIUH. IlepBuuHas pEKpUCTaIIU3AU. CobupatenbHas
pexkpuctaumzanus.  DakTopbl, BIMAIONIME HAa  pa3Mep 3€pHa  IOCIe
peKpucTauin3auny. TekcTypa pekpucrauim3auuu. VM3MeHeHue CBOWCTB MeTalia
IIPU PEKPUCTAILTU3ALMU. XOJOAHAS U Topsdast aegopmarus

Tema 2. Mexanudeckue cBoiictBa matepuason (3/ 0,25/ 0,25 gac.)
OnpeneneHre MEXaHUYECKUX CBOMCTB MaTepUasoB

XapakTepruCTUKA U BUIbl MEXAaHUYECKUX MCIIBITAHUN

Crartuueckue U yCTaJOCTHbIE UCIIBITAHUS

JInHaMUYeCKHe UCIBITAHUS

W3mepenne TBEpIOCTH

HcnpiTanus Ha ycTaioCTh

OrneHka MEXaHMYECKUX CBOMCTB MHOTO(A3HBIX U KOMIIO3UIIMOHHBIX MAaTEPUAJIOB
Paznen IV. Teopus cniiasos - (4/ 1,5/ 1 gac.)

Tema 1. luarpammsl cocTosiHuA cniiasos (2/ 1/ 0,5 gac.)

OmnpeneneHre TEPMHHOB: CIUIaB, CHUCTeMa, KoMIOHEHT, (aza. I[IpaBuno a3.
TBepapie pacTBOpBI, NPOMEXKYTOUHBIE (a3bl, HX CTPOCHHE U CBOMCTBA.
JlnarpaMMbl COCTOSIHMSI JIBOWHBIX CIUIABOB: JUarpaMma COCTOSIHUSI CHUCTEMBI C
MOJIHOM PacTBOPUMOCTbIO KOMIIOHEHTOB B TBEPJIOM COCTOSIHUHU, JMarpamma
COCTOSIHHSL CUCTEMBI C OFPAHMYEHHON PacCTBOPUMOCTBHIO KOMIIOHEHTOB B TBEPAOM
COCTOSIHUU C 3BTEKTUYECKUM U NEPUTEKTUYECKUM MPEBPALICHUSIMU

Tema 2. Imarpammsbl coctosinusi cniiaBoB (2/ 0,5/ 0,5 yac.)

JluarpamMmma COCTOSIHUSL CHUCTEMBI, OOpa3ylollell XWMHUYECKHUE COEIUHEHUS,
auarpaMMa COCTOSIHUS CHUCTEMBI C HaJU4MeM MOJMMOP(HOrO MPEBpaIllCHUs Y
KOMIIOHEHTOB. PU3MUYECKHE W MEXAHMYECKUE CBOICTBA CIUIAaBOB B PAaBHOBECHOM
COCTOSIHHH.

Paznen V. /lmarpamMma coCTOSIHUS KeJ1e30yIrJiepoaucTsix ciuiaBos (4/0,5/ 0,5
qac.)

Tema 1. lmarpamma cocTosinus kejie3o-uemeHTur. (2/ 0,2/ 0,25 4gac.)



KommoneHTsl, ¢a3bl, CTPyKTYpHBIE COCTABISIONINE CTANEH U OENBIX YYTYHOB, UX
XapaKTepUCTUKA, YCIOBHs 00pa3oBaHus U cBOMCTBA. OCHOBHBIE TOYKU U JIMHUU
TUarpaMMmbl.

Tema 2. BiuusiHue yriepoga u NOCTOSHHBIX NMpHMeceld HA CBOMCTBA CTAJIEH.
Yraepoaucreie craau v 4yrynsl (2/ 0,25/ 0,25 gac.)

Bnusinue yraneposaa, rpaguk 3aBUCUMOCTH MEXaHHUYECKHX CBOWCTB CTAIH OT
coJiep>KaHusl yriepojaa. BiusiHue mocTOSHHBIX puMeceit: cepbl, Gocdopa,
KPEMHHSI, MapraHia.

Knaccudukanus cranei

KoHCTpyKIIMOHHBIE YTIEPOAUCTHIE CTaT OOBIKHOBEHHOTO KavyeCcTBa U
KAueCTBEHHbBIE, JIUTEIHBIE CTAIH

Uyrynsl: Oemnbie, cepblie, BBICOKOMPOYHBIC, JIETUPOBAHHBIE

Paznen VI. Teopusi repmuyeckoii 00padorku cranu. (6/ 1,25/ 1,25 yac.)

Tema 1. OcHOBBI TeOpHH TEePMHYECKOl 00pPa0OTKH CTAJIM - ¢ MPUMEHEHUEM
AKTHBHOI0 MeToa 00y4YeHus - Jekuus - susyaanszanus (2/ 0,5/ 0 ,5 yac.)
Omnpenenenue. Knaccudukanus BUIOB TEepMHUUYECKON 00paboTku cramu. Mecto
TepMOOOpPaOOTKM B OOIIEM  TEXHOJOTHYECKOM  IPOIECcCe  M3TOTOBIICHHUS
MAaIIMHOCTPOUTEIIbHOU IPOAYKLIHH. [TapameTpsl pexnma, rpaduku
tepMoobpaboTku. uddy3us B Merauiax u ciuiaBax. Tepmudeckas oOpaboTka
CIUIaBOB, HE CBSI3aHHAS C (Pa30BBIMU MPEBPAIICHUSMHU B TBEPJIOM COCTOSHUM.
Tepmuueckas 06paboTKa CIJIAaBOB C MEPEMEHHON PacTBOPUMOCTHIO KOMIIOHEHTOB
B TBEpAOM cocTosiHuM. [IpeBpamieHusi B crajsix MpU HArpeBe IO ayCTEHUTHOTO
cocrosiHus. [IpeBpallleHre ayCTEeHUTa MPU PA3NUYHBIX CTETCHIX MEPEOXIAKICHUS.
JluarpaMma  HM30TEpPMHUYECKOTO0  pacmaja  IEepeoXJIaXKJEHHOTO  ayCTEHUTA.
[lepnutHOEe mpeBpareHre. MapTeHCUTHOE TMpPEBPAIllEHUE U €ro OCOOECHHOCTH.
BnusHue nerupyronmx 3J1eMEHTOB Ha MapTEHCUTHOE NpeBpanieHue. Kpurnueckas
CKOPOCTh OXJIXJIeHUsI U (haKTOphI, BIUsIONME Ha Hee. [IpeBpaiienue npu Harpese
3aKaJeHHON crtanu. BiusHue TemrepaTypbl W NPOAOKUTENIBHOCTH HarpeBa Ha
CTPOCHHME U CBOWCTBA 3aKAJICHHOW CTainu. BiMsHHE JNETHMpYIOUIMX 3JIEMEHTOB Ha

npeBpaltieHne npu ormycke. Ob6patumasi 1 HeoOpaTuMas OTITyCKHAsi XPYIKOCTh



Tema 2. TexHouorus Tepmudeckoint oopadorku craau. (2 / 0,5/ 0,5 gac.)

OO0mrast XxapakTEepUCTHUKA TIPOIECCOB TEPMHUYECKON o0paboTku cramu. OTKUr
crasieii. Hopmanmzanus craneir. OCOOEHHOCTH 3aKajKH CTalel. 3aKaIMBaeMOCTh H
mpoKanmBaeMocTh craiei. Otmyck 3akajneHHbIX craned. OOopymoBaHue st
TEPMHUYECKONH 0O0pabOTKH.

OcHOBBI BI)I60pa paiuOHAJIbHBIX, 3Heproc6eperafoumx N 3KOJOI'MYCCKH YHNCTBIX

TEXHOJIOTUH  TepMOOOpabOTKH Opyd  TIPOW3BOJICTBE MANTMHOCTPOUTEIHHBIX
U3JCTUi.  ABTOMATH3alHMs  TEXHOJIOTHUYECKUX MPOIIECCOB  MPOBEICHHSI
TepMOOOPabOTKH

Tema 3. Xumuko-repmuueckas oopadorka (XTO) cramm. (2/ 0,25/ 0,25 gac.)
®duzuveckre OCHOBBI XUMUKO-TepMuueckoi o0padotku. Buasl XTO. Ilemenranus
ctasieid. A3zoTupoBaHue craneil. HacbllieHue MmoBepXHOCTH CTAd OJHOBPEMEHHO
YIJIEPOJAOM U a30TOM.

HNonnas xumuko-trepmudeckass oopadorka. Juddy3noHHoe HachIIeHHE HeTalieit
METaJulaMl W HeMmeTaulaMd. [lepcneKkTHBBl pa3BUTUS XUMHUKO-TEPMUYECKON
00paboTKu

MOAYJIb II. MamuHocTpouTe/IbHbIe W aBUALMOHHBIE MaTtepuaJjsl (13/ 5/ 4
qac.)

Paznen 1. JlermpoBanusie ctaau (3/1/ 0,5 ygac.)

Tema 1. Knaccupukauusa m MapkupoBKa JierupoBanHbix craJjeit (1/ 0,5/ 0,25
qac.)

Jlerupyromue »diaeMeHThl, uX HaszHadeHuwe. Kiaccudukamuss u  MapKHpOBKa
JIETUPOBAHHBIX CTaJIEH.

Tema 2. Ctaim m cmiaBbl ¢ 0co0bIMHM cBOWicTBaMH. WHCTpyMeHTAJIbHbIE
cTajam u cmiasbl. (2/ 0,5/ 0,25 yac.)

Knaccudukanust crameii u CIUTaBOB C  0COOBIMH CBOMCTBamMH. TpeOoBaHus,
['pynmsl, Mapku, cBOCTBa, 00JaCTh TPUMEHEHHUSI.

Krnaccudukamuss MHCTpyMEHTANbHBIX CTaled W cIulaBoB. Kputepuu BbIOODA.
TpeboBanusi K HHCTPYMEHTAJIBHBIM CTAJISIM M CIUIaBaM. [ pymmbl, Mapku, CBOMCTBA,

001acTh IPUMEHEHUSI.



Paznea II. JIérkue Metasibl U cniiaBbl (6/1/1 gac.)

Tema 1. AmroMuUHMH, cIJIaBbl HA OcHOBe ajromunusa (3/ 0,5/ 0,5 gac.)
Krnaccudukanus, mMapkupoBKa, XWMHUYECKHW COCTaB W CBOWCTBA CIUIAaBOB Ha
OCHOBE AJIFOMUHUSA, TEPMOOOPAOOTKa CIIJIABOB HA OCHOBE AJTFOMUHUS

Tema 2. Turan, marauii. CniiaBbl Ha ocHoBe TMTaHa U marnusa (3/ 0,5 /0,5
qac.)

Knaccudukanus, mMapkupoBKa, XWMHUYECKHW COCTaB W CBOWCTBA CIUIABOB Ha
OCHOBE TUTaHa, TEPMOOOPaOOTKA CIUIABOB HA OCHOBE THUTaHA

Knaccudukanus, mMapkupoBka, XWMHUYECKHW COCTaB W CBOWCTBA CIUIAaBOB Ha
OCHOBE MarHusi, TepMooOpabOTKa CIUIAaBOB HA OCHOBE MarHUs

Pazpen III. CnuiaBbl Ha OCHOBe Men W aHTH(PUKIUOHHBIe MaTepuabl (1/ 1/
0,5 gac.)

Tema 1. Jlatrynu n 6ponssi. (0,5/ 0,5/ 0,25 4gac.)

Knaccudukanuss naryneir. BnusHue nmMHKa Ha CBOWcTBa JaTyHe. Mapku,
MEXaHMYECKHUE CBOMCTBA M 00JIACTh IPUMEHEHHSI.

Knaccudukamnus 6pon3. Mapku, MexaHHYeCKHe CBOMCTBA M 00JaCTh IPUMEHEHUS.
Tema 3. AnTudpuxnuonnbie marepuananl (0,5/ 0,5/ camocrosiTesibHOE
U3y4eHHe 4ac.)

Haznauenune. TpeOoBanusi K aHTHPPUKIMOHHBIM MatepuanaM. Kiaccudukarusi.
CraBel Ha OCHOBE MenHd, 0JioBa (0OJOBSHHUCThIE 0a00uThI). CIlaBhl Ha OCHOBE
CBUHIIA (CBUHIIOBUCTBIC 0a00uThI). CIIyIaBbI HA OCHOBE IIMHKA U AJTFIOMUHUS.
Paznen IV. Hemerasuindyeckue marepuaisl (1/ 1/ 14gac.)

Tema 1. IToaumepsl n miaactmaccest (0,5/ 0,5/ 0,5 gac.)

O6mass  knaccupukanusg  HEMETAUIMYECKUX  MaTepUaioB, HAKOHOMHYECKHE
MPEANOCHUIKM MPUMEHEHHUS HEMETANIMYECKUX MAaTEpPUAlOB B MAIIMHOCTPOEHUH.
OcHOBHBIE CBEIEHUS O IUIacCTMaccax M mojauMepax. MOIEKyJIIpHOE CTPOEHHUE
nonmumepoB.  [lomsgpHocTs  monmmepoB.  HenonsipHble  TE€pMOILIACTUYHBIE
MJIaCTMACChI

[TonsipHBIE TEPMOIIACTUYHBIE TIACTMACCHI

TepMOpeakTUBHBIE MAaTEPHUAIIbI
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Tema 2. Pe3nnoBbie matepuajbl. Jlaku. Kiaeun. I'epmernxu. (0,5/ 0,5/ 0,5 gac.)
Pesunbl. CoctaB u cBoiictBa. O0nacth mpumeneHus. [Iporeccsl cTapeHus pe3uH.
dopmoobpazoBaHue JeTanen U3 pes3rH.

JlakokpacouHble MOKpBITUSI. MapkupoBka u obo3Hauenue. Knaccubpukanusa. Knen
u repmeruku. CocrtaB. Krnaccudukanusa. KoHCTpyKIIMOHHBIE CMOJSHBIE U
pe3uHoBbIe Kiieu. ['epmeTrku. O61aCcTh MPUMEHEHUS.

Paznen V. Komno3uunonnsie matepuanisl (KM) (2/ 1/ 1 gac.)

Tema 1. IIpuHuMnel co3aanus U ocHoBHbIe TUNIBLI KM (2 / 1/ 1yac.)
Onpenenenue. COBOKYNHOCTh Mpu3HAKoB, mnpucymux KM. Marpunsl u
apMupymolIue, ynpousstone kommnonentel. Kinaccuduxamus KM. Ocobennoctu.
Komnozunmonusie MaTepHuabl c HYJIb-MEPHBIMH, OJIHOMEPHBIMH
HAIMOJIHUTEISIMUA.  DBTekThueckue KM. Komnozuimonueie Marepuasisl ¢

HeMeTa/uTmdeckor Marpuiieii. CBoiCTBa, 0COOEHHOCTH, 00JIaCTh TPUMEHEHUSI.
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II. CTPYKTYPA Y COIEPKAHUE MPAKTHUYECKON YACTH
KYPCA
IpakTnueckue 3ansatus (18/ - / -yac.)
3anarue 1. Cucrema opraHu3anMu TpPyda, NPUHOMIBLI (OPMUPOBAHUS
HABBIKOB CaMOCTOSITe/IbHOI padorbl. Hayunble ucciaenoBanusi B 00J1aCTH
MartepuaJjioBeaeHus. (2 yac.)
[InaH npoBeaeHUs 3aHATHS U U3y4YaeMble Ha 3aHATHH BOIIPOCHI:
l.Cuctema opraHuzanMu TpyJda W NOPUHIUNBL  (HOPMUPOBAHMS HABHIKOB
CaMOCTOSITENIbHON paboThI
2. Hayunble uccneoBanus B 00J1acTH MaTepUaIoBEICHUSI.
3. llenu 1 3a1a4n HAyYHBIX UCCIEAOBAHUM
4. BoiaBrieHWE YpOBHS BJIAQJCHUS 3HAHUSIMHU M YMEHHUSMHU, CIIOCOOHOCTU U
WHTEpPECHI CTyneHToB B oOinactu HUP
5. BeiOop TeMbl HAYYHOT'O UCCIIETOBAHUS
6. DTanbl TPOBEACHUS HAYYHOTO MCCIIEIOBAHUS
3anaTue 2. Opranmsanus W IUVIAHUPOBaHHE TMPOBedeHUSI U 00padOTKH
pe3yJIbTATOB HAYYHBIX HCCJIEAOBAHMNA B 00J1aCTH MAKpPO- U MHMKPOAHAJIM3A
MAaTepHAaJIOB JieTajieil MAIIMH U 3JIeMEHTOB aBHAIIMOHHBIX KOHCTPYKuMid. (3
qac.)
[1naH npoBeaeHUs 3aHATHS U U3y4YaeMble Ha 3aHATHH BOIIPOCHI:
l. Opranmzanus ¥ TUIAHUPOBAaHUWE TMPOBEICHUA MAaKpOo- M MHUKpOaHaIU3a
MaTepuasioB J€Taleil MalllMH U 3J€MEHTOB aBUALIMOHHBIX KOHCTPYKIIUI
2. M3ydeHne CyIHOCTH Makpo- 1 MUKPOaHallu3a MaTEpUaJIOB
3. U3ydenue 060py0BaHUS AJIsl IPOBEACHUS MaKpO- M MUKpOaHAIU3a
4. N3yueHus npaBui MOJATOTOBKH MaKpO- M MUKPOILIU(OB
5. Pa3zpaboTka MeToAuK 1Mo 00pabOTKE IKCHEPUMEHTAIBHBIX HMCCIEAOBAHUN TIO
Makpo- Y MHKPOAHAIIM3Y MATEpUaloB JeTajei MalluH W 3JIEMEHTOB
KOHCTPYKLIMHI
3ansaTue 3. PaboTa mo yepre:kamM aBHALMOHHBIX JeTaJei. (4 4ac.)

[Inan IMPOBCACHUA 3aHATHUA U U3YYACMBIC Ha 3aHATHH BOIIPOCHI:
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Hcnonb3ys uHQOpMAIUIO, 3aJI0KEHHYI0 KOHCTPYKTOPOM B paboOyuX dYepTexax
AaBUAIMOHHBIX  JeTalleld, CTYAEHThl TOJ, PYKOBOJCTBOM  IpENoJiaBaTess
BBITIONTHSIOT ONpeAeNEHHbIC 3aJaHusl UCCIIEIOBATENLCKOTO XapaKTepa.
[IpenBapuTenbHO U3Yy4AOTCA:

1.IlpaBuna wu3ydeHuss HAYYHOW JUTEPATYyphl, NPUOOPETEHHE MPAKTHUESCKHUX
HABBIKOB PabOThI CO CIPABOYHOW M HAYYHOW JIUTEPATYpOH, BBIJCIIEHUE TIIaBHOU
MBICII, KOHCTIEKTUPOBAHUE; 00CYK/IEeHUE MPOYUTAHHBIX HAYYHBIX padoT.

2. @opmynupyercsi OOBEKT W MPEAMET HUCCIENOBAaHUS, OINpeAesieHue IemeH,
3a7a4 U UCCIEAOBAHUN

3amanus sl KCCIIEIOBaHUH 10 pabodyeMy 4epTeKy aBUAllMOHHOMW JIETalIu:

1.Jlatb  xapakTepucTUKy, pacmudpoBaTh W ONKCATh MEXaHUYECKHE U
TEXHOJIOTUYECKUE CBOMCTBa Marepualia, U3 KOTOPOrOo HM3rOTOBJEHA MaHHAas
JeTallb.

2. HazHauuTh pexuM TEepMOOOPaOOTKH C YYETOM COBPEMEHHBIX HAyYHBIX
JTOCTHKEHHUIN B 00JIaCTH MaTepHATIOBEACHHUS

3. Hatp ompeneneHuss BceM BBIOpaHHBIM BUIaM TepMooOpaboTku. OmnucaTh
BIIUSTHUE TEPMOOOPAOOTKH HA CTPYKTYpPY U CBOMCTBA CTalIU

4. Yka3zaTh cnoco0 3amuThl OT KOPPO3UH JJsi AaHHOUW aeranu. PacmmdpoBats.
Kparko onucarbs cBOMCTBA U METOJBI MOJIYYEHHUsI AHTUKOPPO3UOHHBIX MTOKPBITUH.
5. Ykazarh KpuTepuu BbIOOpA MHCTPYMEHTAIBLHOTO MaTepuaina i 00paboTKu
pe3aHueM ¢ Y4E€TOM COBPEMEHHBIX HAyYHBIX JOCTHXKEHUH B  00JacTH
MaTepHaIOBEICHUS

6. BoiOpath HMHCTpyMEHTaJIbHBIA MaTepuan i O0O0pabOTKH OmpeaeEHHBIX
MMOBEPXHOCTEU HA JETAISIX

7. JaTth XapaKTEPUCTHUKY, pacumdpoBaTh BBIOpAHHYIO MapKy
WHCTPYMEHTAJIIBHOTO MaTepuana, yKa3aTb METOJbl TMOBBIIIEHUS CTOMKOCTU
WHCTPYMEHTa C Y4Y€TOM COBPEMEHHBIX HAy4YHBIX JIOCTIKEHUW B 00JacTu
MaTepHaIOBEICHUS

8. CocraBnenue Oubnuorpaduu
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9. CocraBieHre METOJUK TEOPETUUECKUX HCCIEAOBAHUN MO pabodYnM YepTekam
JeTajen

3anaTne 4. AHaJM3 OMArPaMMbl COCTOSIHMSl JKeJIe30-IIEMEHTHUT, IPABUJIO
(¢a3. IlocTpoeHue KpUBBIX OXJIaxAeHHs. (2 Jac.)

[InaH npoBeneHUs 3aHATHS U U3y4YaeMble Ha 3aHATHH BOIIPOCHI:

HOI[ PYKOBOACTBOM IIPCIIOAABATCIIA CTYACHTBI BBIIIOJHAIOT CICAYIOIIHUC 3a1aHUA

1. 3anucatb W OOBIACHUTH CYIIHOCTh MEPUTEKTUYECKOH, IBTEKTHUECKOW U
ABTEKTOUJHOWU PEaKIU

2. [TocTpouTh KpHUBYIO OXJXKICHHS C MpuMeHeHueMm mpasmia (a3 ['mbOca
JUISL CIUIaBa, COJEpKAIlero omnpeAci€HHbll (Mo BapuaHTaMm) % yriepoja.
BoeiOpate st 3amaHHOTO CIUlaBa JIOOYIO TeMIlEpaTypy MeXAy JHWHUSIMU
JUKBUIYC M COJMUAYC U OMPEACNUTh cOCTaB (a3, T.e. MPOILIEHTHOE COJEpKaHUE
yraepoja B ¢dazax; KOJIUYECTBEHHOE COOTHOIIeHUE (as.

3. Onwucarb peBpalieHus], IPOUCXOIAIINE B CIUIABE MPU OXJIAKICHUU.

4. VYka3zarh Ha3BaHME JAHHOTO CIUIaBa, 3aPHCOBATh MUKPOCTPYKTYPY CILIaBa C
YKa3aHHEM CTPYKTYPHBIX COCTaBIISIONIUX, BXOJSIIMX B COCTAaB JAHHOTO CILIaBa.
3anatue S. HomeHkiaTypa MAaIIMHOCTPOMTENLHBIX W ABHAIMOHHBIX
MaTepuaioB. CucreMa M NPUHUMIBI UX MAPKUPOBKH. OCHOBBLI NPUHIMIIOB
PALMOHAJBHOIO BbIOOPA KOHCTPYKIMOHHBIX M  HHCTPYMEHTAJbHBIX
MATEepHaJIOB, IPUMEHsAEMbIX B ABHA- U MAIIMHOCTPOEHMHU, TEXHOJOTHHA HX
yHpOuHsiiOed 00padoTKM M 3alIUTHI OT Koppo3un. Pemenne 3aga4. (4 yac.)
[1nan mpoBeneHUs 3aHATHS U U3y4aeMble Ha 3aHSTUU BOIPOCHI:

1. Homenknarypa MAaIIMHOCTPOUTENBHBIX W aBUAIIMOHHBIX  MaTEPHAaJIOB.
Pa3paboTka MHTEIIEKT-KapTh

2.CuctemMa ¥ TPUHIMIBI MAapKUPOBKH MAIIMHOCTPOUTENBHBIX M aBUAIMOHHBIX
MaTepHuaioB

3. OcHOBBI NPUHIIAIIOB  PAIlMOHAIBHOTO BBIOOpAa KOHCTPYKIIMOHHBIX U
WHCTPYMEHTAIBHBIX MATEPUAJIOB, MPUMEHSIEMBIX B aBHa- M MAIIMHOCTPOECHUH,
TEXHOJIOTUH UX YNPOUHSAIOIIEH 00pabOTKH U 3aIIUTHI OT KOPPO3UH.

4. PazpaboTKa METOJUKH PEIICHUS 3a1a4
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5. Pemenue 3anau

3ansaTue 6. Kpurepun pauMoHaJIbHOr0 BbIOOpAa MaTepHaJia, HA3HAYEHUS ero
TEPMOOOPAOOTKH VISl TOJIyYeHUusi TpedyeMoil CTPYKTYpbl M CBOICTB,
o0ecrneYyHBaKOIINX J0JTOBEYHOCTh W HAJAEKHOCTb 3JI€MEHTOB aBHAIMOHHBIX
KOHCTPYKIMII B KOHKPETHBIX ycJIoBHAX (3 yac.)

[InaH npoBeaeHUs 3aHATHS U U3y4YaeMble Ha 3aHATHH BOIIPOCHI:

1. TloHsiTME O JOJTOBEYHOCTH M HAJEKHOCTH SJIEMEHTOB AaBUALMOHHBIX
KOHCTPYKLIHMHI

2. Kputepuu pamuoHambHOro BbIOOpa  MaTepuaia, Ha3HAYEHUS  €ro
TEPMOOOpPAOOTKM  JUIsI  TOJIy4eHHs] TpeOyemMoW CTPYKTypbl W CBOICTB,
00ecnevnBarOIMX JOJATOBEYHOCTh M HAJEKHOCTh JJIEMEHTOB aBHAIIMOHHBIX
KOHCTPYKLIHMHI

3. Pa3paboTka METOMKU pelIeHus 3a1a4

4. Pemienue 3agau

JlabopaTopHbie padorsl (18/ 8/ 8 uac.)

JladbopaTtopHas paGora Nel. HayuHble uccjie0BaHMA MO MaKpPOAHAJIU3Y

AeTaJiedl ¥ 3JIeMEeHTOB ABHALIMOHHBIX KOHCTPYKIUM. (2/ - / - yac.)

JladbopaTtopHas pabora Ne2. O3HakoMJIeHHe € YCTPOMCTBOM M padora Ha

MeTa/uIorpaguyeckomM MuKpockomne. (2/ 2/ 2 gac.)

JladbopaTtopHasa pabGora Ne3. UcnbiTaHus ABHALNMOHHBIX MAaTepHAJIOB HAa

TBépAocTb no meroay bpunenns. (2/ 2/ 2 yac.)

JladbopaTtopHasa paGora Ned. UcnbiTaHus ABHALNMOHHBIX MAaTepHAJIOB HAa

TBépaocTb mo Mmeroxy Poksemna. (2/ 2/ 2 gac.)

JladbopaTtopHasa pabora NeS. HccienoBaHme MHKPOCTPYKTYPbI H CBOICTB

CTaJIM B PaBHOBECHOM COCTOAHMM H HCCICA0OBAaHHE BOIpoCa BJAUAHUA
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COJlep:KaHUA YIJIepoAa HA CTPYKTYPY U CBOMCTBA yriepoaucro craum. (2 /-/ -

qac.)

JlabopaTtopnas pabdora Ne6. TepmooOpaGorka craseiti. WcciienoBanmue

BJIMSIHUS TEPMOOOPAOOTKHM HA CTPYKTYPY M CBOMCTBA crasei. (4/ -/ - yac.)

JlaGoparopHasi padora Ne7. MWcciaenoBanue BJIMSIHHSI TEPMOOOPadOTKM U
Moau(UIMPOBAHUS HA CBOMCTBA CIUIAaBOB Ha OCHOBe ajwomuuus. (4/ -/ -
qac.)

Jnsa rpynn Ha 6a3e CIIO nepearrecToBano 72 yac.

Tembl yueOHON MUCIMIUIMHBI JIs TIEPEeaTTeCTAIINN:

1. 3akoHOMepHOCTH (POPMHUPOBAHUS CTPYKTYPhI MAaTEPHUAJIOB - 2 Hac.

2. O6mrast xknaccuukanus MalTuHOCTPOUTEIbHBIX M aBUAIIMOHHBIX MaTEPHAIIOB
- 2 yac.

3. OCHOBBI pPaIMOHAIBHOTO BHIOOpPAa KOHCTPYKIIMOHHBIX W HMHCTPYMEHTAIBHBIX
MaTepuayioB, MPUMEHSEMbIX B MAIIMHO- U AaBHACTPOCHHUU CTPOCHUH,
TEXHOJIOTUHN UX YIPOUHSIONIEH 00pabOTKK U 3alIUTHl OT KOPPO3HH - 2 Yac.
Kpucrammmieckue n amopdHbie Tena - 2 yac.

@opMUpPOBAaHUE CTPYKTYPHI JIUTHIX METAIUIOB - 2 4ac.

4.

5.

6. Kpucrannuzanus metamioB - 2 yac.

7. Ilnactuueckoe nehopMuUpoBaHNE MOHO- U TMOJUKPHUCTAIIIOB - 2 Yac.
8. Hakutern, BO3Bpar u pekpUCTAILIM3AIMS - 2 Yac.

9. MexaHn4eckue CBOMCTBAa MaTepuaaoB - 2 yac.

10. Teopus cruiaBoB - 2 yac.

11. InarpamMmbl COCTOSIHMS CIUIABOB - 2 4Yac.

12. lnarpaMmbl COCTOSIHHMS CIUIABOB - 2 4Yac.

13. lnarpamma COCTOSIHUS »K€JI€30yIJIEPOAUCTBIX CIUIABOB - 2 4ac.
14. Bnusinue yriiepoaa U MOCTOSHHBIX MIPUMECEN Ha CBOMCTBA CTallel - 2 yac.

15. Yrnepoauctsie cTaliu U 4yryHbl - 2 4ac.

16. OcHOBBI TEOPUH TEPMHUECKONH 00padOTKH - 2 dac.
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17. TexHonorusi TepMuUUecKoi 0OpabOTKU CTamu - 2 4ac.

18. Xumuko-repmudeckasi 0opadotka - 4 dac.

19. JlerupoBanHble cTtanu - 4 yac.

20. Knaccudukaiys 1 MapKupOBKa JISTUPOBAHHBIX CTaleld - 2 yac.

21. Cranu u CIuiaBbl ¢ 0COOBIMU CBOMCTBAMU - 2 4ac.

22. Knaccudukanus craineil ¥ CIulaBOB ¢ 0COObIMH cBoicTBamu. TpeOoBaHwUs,

['pynmbl, Mapku, CBOKWCTBA, 001aCTh MPUMEHEHHUS - 2 4ac.

23. Knaccudukanus HHCTPYMEHTAIbHBIX CcTaned U cruiaBoB. Kputepun BeiOOpa.
TpeboBaHuss K HMHCTPYMEHTAJIbHBIM CTAISIM M CIUlaBaM. [ pymnmbl, Mapkw,
CBOMCTBa, 00JIaCTh MPUMEHEHUS - 4 4ac.

24. AnroMMHMH, CIUIaBhl HA OCHOBE aJIOMHMHHUS - 2 dYac.

25. Knaccudukarus, MapKUpOBKa, XMMHUYECKHI COCTaB M CBOMCTBA CIUIABOB Ha
OCHOBE QJIFOMHUHMSI, TEpMOOOPaOOTKA CIJIABOB HA OCHOBE QJIFOMHHHUS - 2 Yac.

26. CrnaBbl HA OCHOBE TUTaHA U MarHus - 2 yac.

27. CrutaBbl Ha OCHOBE M€ W aHTH(PPUKIIMOHHBIE MaTEepHalbl - 2 4ac.

28. HemeTtaimmnyeckue mMaTepHalibl - 2 4ac.

29. IlonuMepsl U TIacTMacChl - 2 yac.

30. Pe3unoBeie marepuansl. Jlaku. Kien. ['epmetnku - 2 yac.

31. KoMno3uimonHsle Matepuaisl - 4 yac.
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III. YYEBHO-METOANMYECKOE OBECIIEYEHHE
CAMOCTOSTEJBHOM PABOTHI OBYYAIOIIUXCA

Y4eOHo-MeToAnuecKoe O0ECIeUeHnEe CaMOCTOSITENILHOM PadOThl O0YyYaronuXxcs

no aucuuiuinHe «MarepuanoBeneHue» mnpeacrtaBieHo B Ilpunoxenuun 1 u

BKJIFOYAET B CeO:

* IJIaH-TPaQUK BBIMOIHEHHUS] CAMOCTOATEIBHONW PaOOTHI MO AWCIMILIUHE, B TOM

YUCJIC IIPUMCPHBIC HOPMBI BPEMCHHU HA BBIIIOJHCHUC 110 KaXKIOMY 3a/[aHHUIO

* XapaKTepUCTUKA 3aJaHUl I CAaMOCTOSITENLHOM pabOThl OOydaromuxcs u

MCTOANYCCKHUEC PCKOMCHAAIWMHU 110 MX BBIIIOJIHCHHIO

* TpeOOBaHUS K MPEJCTABICHUIO U OOPMIICHHIO PE3YIbTATOB CAMOCTOATEIHHON

paboThI

¢ KpUTCPpHUHU OLCHKH BBIITOJHCHHA CaMOCTOSATEIIbHOM pa6OTI)I.

IV. KOHTPO.JIb JOCTUXXEHUS IEJIEN KYPCA

No Konrtponupyemsie Kopp! u sTanst OueHouHble cpencTBa
n/m pasnensl / TeMbI (hopMHupoBaHUS TEKY U MIPOMEKYTOUHAS
JTUCIUILITUHBI KOMIETECHIIUN KOHTPOJIb aTTecTalusl.
9K3aMeH
1 | Pazgen I. Ctpoenne | OIIK-4 3HAeT YO-1 B.6, 7,8,9

U CBOIicTBa OIIK-6 yMeet I1P-6 B.5,43
MaTepHaioB ITK-1 BIIAZIEET I1P-6 B.5,43
Paznen OIIK-4 3HAET VO-1 B.10

2 II. ®opmupoBanue OIIK-6 yMeeT I1P-6 B.S, 46
CTPYKTYPBI JTUTHIX ITK-1 BJIAJICET I1P-6 B.5, 46
i\)‘ae;;?g; oF III. | OIIK-4 3HAEeT VO-1 B.3, 4, 16,17

3 2(;1;1:{1;1’);;%146 §g§-6 yMeeT [1P-6, ITP-11 B.4
7 OPMHPOBAHHBIX BJIAJEET I1P-6, ITP-11 B4
METaJIOB

OIIK-4 3HAeT YO-1 B. 11, 12,13, 14,

4 Pasznen IV. Teopus OIIK-6 15

CIUIaBOB ITK-1 yMeeT [1P-6, ITP-11 B.5
BJIAJEET I1P-6, ITP-11 B.5

Paznen V. OIIK-4 3HAET VO-1 B.18,19

5 f;iﬁ:h;ﬁa gg_lj 6 yMeeT [1P-6, ITP-11 B.5
KEJe30yIIepOAUCTbI BIIaJICET [1P-6, ITP-11 B.5
X _CIIIIaBOB
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Pasnen VI Teopus OIIK-4 3HAeT YO-1 B.23, 24,25...33
6 TEPMUYECKOU OIIK-6 yMeeT I1P-6, TIP-11 B.30, 45, 46
00paboTku cTanu IIK-1 BIIAJICET I1P-6, ITP-11 B30, 45,46
MOJIYJIb L gﬁi-i 3HAeT YO-1 B.34,35,36
MammuHoCTpOUTEIhH ]
bl W aBHAallMOHHBIC TK-1 yMeeT I1P-6 B. 45, 46
7 MaTepHabl
Paznen 1.
JlerupoBaHHBIE BIIaJICET [1P-6 B. 45, 46
cTanmu
OIIK-4 3HAeT YO-1 B. 38,39,40,41
. OIIK-6
3 Pasnen II. JIérkue TK-1 yMeeT I1P-6, ITP-11 . 45, 46
METaJUThI ¥ CIUIABBI
BaJCET I1P-6, ITP-11 B. 45, 46
OIIK-4 3HAeT YO-1 B. 37,
Pazzen IMI. CrutaBel Ha | OTIK-6
9 OCHOBE MEIM U TK-1 yMeeT ITP-1 B. 45, 46
AHTU(PUKIMOHHbIE
MaTeprabl BIIaicCT I1P-1 B. 45, 46
OIIK-4 3HaeT YO-1 B. 43
Paszen IV. OITK-6 yMeeT ITP-1 B. 45, 46
10 Hemerannmueckue TIK-1
MaTEpHAIIbI BaJCET I1P-1 B. 44, 45 1. 45,
46
Paznen V. OIIK-4 3HaeT YO-1 B. 44
11 | KOMIO3HIMOHHEIE OIIK-6 yMeeT I1P-1 B. 45, 46
marepuansl (KM) TIK-1 BIIAJICET I1P-1 B. 45, 46

TumnoBkle KOHTPOJIBHBIC 3aJaHuA, MCTOAMYCCKHC MAaTCpPpHAJbl, OIIPCACIIAIOIINC

MPOLETYPbI

OLICHMBAHMSI 3HAHUM,

YyMEHUN ¥ HaBBIKOB U (WJIH) OIBITA

ACATCIIBHOCTH, a TAaKKC KPHUTCPHH H IIOKA3aTCIIH, HGO6XOI[I/IMI>IG I OICHKH

3HAHMH,
KOMIIETEHIIUNA B

npeacrasieHsl B [Ipunoxenun 2.

YMEHUH,

nporecce

OCBOCHM

HaBbIKOB M XapaKTEPU3YIOIIUE ITaIllbl

o0OpazoBarenbHON

dbopmMupoBanus

[IPOTPaMMBl,
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V. CIIMCOK YYEBHOH JINTEPATYPHI 1 HHO®OPMAIIMOHHO-
METOANMYECKOE OBECIIEYEHME JUCHUIIJINHBI

OcHoBHasi JiuTeparypa

l.Anackun  A.M., KpacHoBckuii A.H. MarepuanoBeqeHue U TEXHOJOTHUS
METAUTUYECKUX, HEMETAIUTMUYECKUX U KOMIIO3UIIMOHHBIX MaTEpHUasoB: YYEOHUK /
AM. Anackun, A.H. KpacHosckuii. - M.: ®OPYM : UTH®OPA-M, 2016. - 400 c.
[OnexkTponnblii  pecypc.] Pexum goctyma - JlocTynm  OCyIIECTBISIETCS €
KOMIIBIOTEPOB, MOAKIIOUYEHHBIX K ceTH [[BOY

http://znanium.com/bookread2.php?book=544502

2. MarepuanoBenenue : yued. mocodue s By3oB / mopa pea. JI.B. Tapacenko. -
M. : HUIIl Uudpa-M, 2012. - 475 c. [DnexrponHsiid pecypc.] Pexxum noctyma -
JlocTym oCcymecTBIsieTCsl C KOMIBIOTEPOB, MOJIKIIOUYEHHBIX K ceTh JIBOY

http://znanium.com/bookread.php?book=257400

3. MarepuanoBeneHue u TexXHONOrus marepuayioB: y4deOnuk / [.II. detncos,
®.A. Tapudpymmuna. - M.: HUIL UHDOPA-M, 2014. - 397 c. [DnexkTpoHHBIN
pecypc] Pexum pmoctyma - JlocTym OCYHIECTBISIETCS C  KOMIIBIOTEPOB,
MOJIKJIFOYEHHBIX K ceTu [[BDY

http: //znanium. com/bookread2. php?book=413166

4 Metogonorus Hay4YHBIX HCCIIEIOBAHU I B aBua- 51
pakeTocTpoeHuH [INeKTpoHHbIN pecypc] : yued. mocodue / B. U. Kpyrnos, B. 1.
Epmios, A. C. Uymanuu u ap. - M.: Jloroc, 2011. - 432 c. - Pexxum noctyna:
http://znanium.com/catalog.php?bookinfo=468969

JlonoTHUTEJIbHASL JTUTEpaTypa

1.MatepuanoBeienne B MammHocTpoeHuu : yue0. mocooue / B.II. JImurpenko,
H.b. ManyiinoBa. — M. : UH®PA-M, 2017. — 432 c. [DneKTpoHHbIH pecypc.]
Pexxum noctyma - JIOCTYI OCYMIECTBIISETCS ¢ KOMIIBIOTEPOB, IMOJIKIIOYCHHBIX K

cetu [IBOY


http://znanium.com/bookread2.php?book=544502
http://znanium.com/bookread.php?book=257400
http://znanium.com/bookread2.php?book=413166
http://znanium.com/catalog.php?bookinfo=468969

http://znanium.com/bookread2.php?book=791863

2.Yepenaxun, A.A. MarepuanoBeaenue: yueOHuk / Uepenaxua A.A., CMOJIbKUH
A.A. - M..KYPC, HUIl UHOPA-M, 2016. - 288 c. [DneKkTpoHHBIH pecypc.]
Pexxum noctyna - JlocTyn ocCyIIecTBISE€TCS ¢ KOMIBIOTEPOB, MOJKIIOUEHHBIX K
cetu [IBOY

http: //znanium. com/bookread2. php?book=550194

3.Koxyxap, B. M. OcHOBbI Hay4HBIX HCCIIE€IOBAaHUMN [DIEKTPOHHBIN pecypc] :
Yuebnoe mocobue / B. M. Koxyxap. - M.: lamkos u K, 2013. - 216 c. - Pexxum
noctyna: http://znanium.com/catalog.php?bookinfo=415587

4.0cHOBBI HayuyHBIX HcclenoBanuii (OOmmit Kypc): [DHeKTpOHHBIM pecypc]
VYyebnoe noco6ue / B.B. Kocmun. - 2-e m3a. - M.: U] PUOP: HUILl UH®PA-M,
2014. - 214 c. - Pexum aocryma:
http://znanium.com/catalog.php?bookinfo=487325

5. OcHOBBI Hay4HBIX HccaenoBaHui [Dnekrponusiii pecypc| / b.. I'epacumos,
B.B. [dpo6simesa, H.B. 3n06una u ap. - M.: ®opym: HULl Uudpa-M, 2013. -
272 ¢ - Pexxum gocryma:

http://znanium.com/catalog.php?bookinfo=390595

HopmaTuBHO-IpaBOBbIe MAaTEPHAJIbI

1. Otkpeitas 6a3za 'OCToB. [DnexkrpoHHsIil pecypc] Pexum gocryma.

http://standartgost.rii/

2. Otpacnessie ctanaaptel OCT. [DnextponHslil pecypc| Pexum mocryna.

http://normativ.info/ost/ost.html

3.TOCT 7.32-2001. Otuér o Hay4HO-HCclieoBaTeNbCcKoi pabote. CTpykTypa H
npaBwia ohopmienus. - M.: U3n-Bo cranmapros, 2002. - 15 c.
4.TOCT P.7.05-2008. bubnuorpaduueckas ccbuika. Obiue TpeOOBaHUS U MPaBUiia

cocraBienus. -M.: Crangaptundopm, 2008. - 19 c.

22


http://znanium.com/bookread2.php?book=791863
http://znanium.com/bookread2.php?book=550194
http://znanium.com/catalog.php?bookinfo=415587
http://znanium.com/catalog.php?bookinfo=487325
http://znanium.com/catalog.php?bookinfo=390595
http://standartgost.ru/
http://normativ.info/ost/ost.html

Ilepeuensb pecypcoB MH(POPMANHOHHO-TETEKOMMYHUKAIIMOHHOMN CeTH
«AHTEepHET»
1. Hayunas snextponHas 6udnuorexka HOb

http://elibrarv.ru/quervbox.asp?scope=newquerv

2. DIIeKTpOHHO-OMOIMOTEeUHasT CUCTeMa U3AaTeNIbCTBA «JIaHbY

http://e. lanbook.com/

3. ObC «KoHCYnbTaHT CTyJEHTa»
http: //www, studentlibrarv. ru/

4. ObC znanium.com HUL[ «MHDPA-M»»
http: //znanium. com/

5. Hayunas 6u6nuoreka IBOY nmyOnuuHbIi OHIIAMH KaTalor
http://lib.dvfu.ru:8080/search/querv?theme=FEFU

6. Undpopmanmonnas cucrema EJIMUHOE OKHO nocryna x o6pazoBareabHbIM

pecypcam
http: //window, edu. ru/resource

7. OBC IPRbooks

http: //www. iprbookshop. ru/

8. Mapo4HUK CTaJdh W CIJIABOB. [DJIEKTPOHHBIN pecypc]|

Conmepxut cBeneHuss O KiacCU(UKAIMKM, HAa3HAUYECHWHU, 3aMEHHUTENSNX, aHaJIoTax,
XUMUYECKOM  COCTaBE, TEMIIEpAaType KPUTUYECKHX TOYEK, MEXAHUYECKUX,
bu3nYeCKUX, TEXHOJOTMUYECKUX M JIMTEHHBbIX cBoiicTBax 3221 crmaBoB. BozmoxkeH
MOMCK MaTEpHaJIOB IO 33JaHHOMY XMMHUYECKOMY COCTaBy WJIHM CBOWCTBaMm. Pexum
JOCTYIIA.

http: //www. spl av-kharko v. com/main, php

HenTpanbHpIl MeTamMyeckuit noprain PO
KoHkpeTHyr0 MapkKy cTanu, LUBETHOIO MeETajsla MOXHO HAaWTH MpU MOMOIIU
I[TOMCKA nHa ganHoMm moprane. B MapodHHKE CIJIaBOB MEPEUYUCIEHBI OCHOBHbBIE

MapKH CTald, MapK 4yryHa, Mapki aJIIOMUHUSA U APYTUX MIUPOKO UCIIOIB3YyEMBIX B
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http://elibrary.ru/querybox.asp?scope=newquery
http://e.lanbook.com/
http://www.studentlibrary.ru/
http://znanium.com/
http://lib.dvfu.ru:8080/search/query?theme=FEFU
http://window.edu.ru/resource
http://www.iprbookshop.ru/

IIPOU3BOACTBC MCTAJUIOB M HX CILIABOB. OCHOBBI DaCH_II/Id)DOBKI/I MapoK CTajiel

MIPUBEJEHBI B CTAThE IO CChUIKE. [DNEKTPOHHBIN pecypc| Pexum gocryna.

http://metallicheckiyportal.ru/marki metallov/sti/instrvmentalnava vyglerodistava

stal
9.Knuru, Jnekuuu, METOJUYECKHE MaTepuaibl [0  MaTEepUATIOBEIICHUIO.
[DnexTponnslii pecypce] Pexxum gocryna.

http://www.materialscience.ru/subiects/materialovedenie/

10.YueOnbie QuIbMBI MO MaTEPUATOBEICHUIO [DNEKTPOHHBIN pecypc| Pexum
JOCTYyIIa

http://www.voutube.com/plavlist?list=PLF5D72C59F3D8DAB9

Ilepeyenbs MH(POPMALMOHHBIX TEXHOJIOIMH
U MPOrpPaMMHOI0 odecrevyeHust
[IporpammHOe obecrieueHue.
1. Altami PhotoKit

2. Windows 7
3. MS Office.
4. Siemens NX
5. Kommac 3D

VI. METOJUYECKUE YKA3AHMS 10 OCBOEHUIO
TACHUATIINHBI
PeKOMeHI[aI_[I/II/I 110 HJ'IaHI/IpOBaHI/IIO 51 OpFaHI/ISaHI/II/I BpeMeHI/I, OTBCIACHHOI'O Ha
I/I3y‘-IeHI/Ie AU CIHHUITIINHBI

OBJ'IaI[eHI/IeM H606XOI[I/IMI>IMI/I HpO(i)eCCI/IOHaJ'IBHI)IMI/I SHAaHUAMH, YMCHHUAMH U

HaBbIKAMH OOJIZKHO 3aBCPIONHUTLBCA HM3YUYCHHUC OUCHUILIMHBI. I[aHHBIﬁ pe3yibTar

MOKET OBITh JIOCTUTHYT TOJBKO TOCIE 3HAYMTENbHBIX ycwiuid. [Ipu 3TOM BaxkHOE

3HaY€HUE MMEIOT HE TOJHKO CTapaHHWE U CIIOCOOHOCTH, HO M XOPOIIO MPOTyMaHHAS

OpraHu3alys TPya CTYAEHTA, U MPEXIAE BCEro MPaBUIbHAS OPTaHU3ALUS BPEMEHHU.
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http://metallicheckiyportal.ru/marki
http://metallicheckiyportal.ru/marki_metallov/sti/instrymentalnaya_yglerodistaya_stal
http://www.materialscience.ru/subjects/materialovedenie/
http://www.youtube.com/playlist?list=PLF5D72C59F3D8DAB9

I[To kaxpgon TtemMe aucHUIUIMHBL «MarepuanoBeneHuey IpeanonaracTcs
MPOBEJICHUE AayJTUTOPHBIX 3aHATHI: YTEHHE JIEKUIUW, MPOBEICHHE MPAKTUYECKUX
3aHATUA W TpoBeAeHHE JabopaTopHbIX padoT. bombioe 3HaueHHE HMEET W
caMoCTOsITeNIbHAasg paboTa CTYJCHTOB, CaMOCTOsITENbHAass paboTa CTYJIEHTOB
BKJIIOUAET B ce0s ClieJyomue BUIBI paboT: paboTa ¢ Hay4HOH JIUTEpaTypou MpH
M3YYCHUH TEM, NpPEIHA3HAYEHHBIX K CaMOCTOSTENILHOMY HW3Y4YeHHIO; padoTa C
JEKIMOHHBIM MaTepuajoM M JMTEpaTypoll TMpH TMOATOTOBKE K IMPOBEICHUIO
1a0opaTOpHBIX paboOT W HX 3ammMre; paboTa ¢ JIGKIIMOHHBIM MaTepuajoM u
JUTEPATypOH MPH MOJATOTOBKE K MPAKTHUYECKUM pabOTaM U WX 3aIUTE; TOArOTOBKA
K DK3aMEHY, BBIMOJIHEHHE HAYyYHO-UCCIEA0BATEIBCKON paOOTHI.

Bpemsi, Ha u3yueHWEe TUCIHUIUIMHBI W IJIAHUPOBaHWE OOBEMa BPEMEHU Ha
CaMOCTOSITENIbHYIO pabOTy CTyJEHTa OTBOJAMUTCSA COIVIacCHO pabodeMy ydeOHOMY
IUTaHy JaHHOro HampaBieHus. [IpemycmaTpuBaroTCsi Takke akTHUBHBIE (HOPMBI
oOydeHus, TaKhe Kak, MCCIE0BaTEIbCKUE J1a0OpaTOpHBIE PAaOOTHI C AJIEMEHTAMU
MMUTAIIMOHHON TPO(EeCCHOHATBHON JIESITeTbHOCTU, TMPAKTUYECKUE 3aHATHUS C
AJIIEMEHTaMH WMUTAIMOHHON TPO(dECCUOHATLHON NIEATENHHOCTH, PEIIEHUE 3a7ad C
aHAJIM30M KOHKPETHBIX TMPOM3BOACTBEHHBIX CHUTYaIlMil, COCTaBJICHHE HHTEIICKT
KapT H Jp.

Jlng cokpalieHus 3arpaT BpPEMEHHM Ha M3y4Y€HHUE JUCIUIUIUHBI B TEPBYIO
ouepeslb, HEOOXOIMMO CBOEBPEMEHHO BBISICHUTh, Kakol o00beM uHMOpMauu
ClleyeT YyCBOWUTb, Kakue YMEHHUS TMPUOOPECTH I YCIENIHOTO OCBOCHUS
JUCIUIUTMHBI, KaKue 3aJaHusl BBIMOJIHHUTH ISl TOTO, YTOOBI MOJNYYUTh JOCTOWHYIO
oueHky. CBenmeHusi 00 53TOM: CIUCKH PEKOMEHAYEeMOH U JOMOJHUTEIHHOU
JUTEPATypbl, TEMbl Ja0OPATOPHBIX PAOOT, MPAKTUYECKUX 3aHATHUHA, TECTOBBIC
3a/laHus, a TaKXKe JOPyrue HeoOXOAMMble MaTepHalibl HMMEIOTCS B pa3pabOTaHHOMN
paboueil yueOHON POrpaMMBbl JTUCITUILTAHBIL.

PerymsipHoe mnocemieHue JEKIUKA W MPAKTUYECKUX 3aHATHM HE TOJBKO
CIOCOOCTBYET YCIEIIHOMY OBJIAJICHUIO MPO(EeCcCHOHANBHBIMU 3HAHUAMH, HO U
MOMOTaeT HAWIy4dIIMM O00pa3oM OpraHu3oBaTh BpeMs, T.K. BCE BHUIbl 3aHITHIMA

pacmpeielieHbl B CeMeCTpe IUTAaHOMEPHO, C YYETOM HEOOXOAMMBIX BPEMEHHBIX
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3aTpar. BaxHasg posib B IUIAHUPOBAHUM WM OpPraHU3alMA BPEMEHUM Ha U3y4YEHUE
JUCIHMIUIMHBL ~ OTBOJUTCS  3HAKOMCTBY C  IUIAHOM-TPaUKOM  BBITIOJTHEHUS
CaMOCTOSITENIbHON pabOThI CTYJIEHTOB MO JIaHHOM JAMCHUIUIMHE. B Hem comepkutcs
BUJIBI CAMOCTOSITENIBHOM pabOThl JJisi BCEX pa3/ieloB JUCHUIUIMHBI, YKa3aHbI
IIPUMEPHBIE HOPMbI BPEMEHU HA BBINIOJIHEHUE U CPOKH CJIayul 3aJaHUN.

Yrobsl  comepxarenpHas ~ wHGOpManug MO  JUCHUIUIMHE  3alIOMHHAJIACK,
1enecoo0pa3Ho M3ydyaTh €€ TOATamHO - [0 TeMaM U B CTPOrOM IMOCIE0BATElb-
HOCTH, ITOCKOJIBKY IOCJIEAYIOIINE TEMBI, KAK MPABUIIO, OIMPAOTCS Ha MPEAbIAYILIHE.
[Ipu moAroTOBKE K MPAKTUYECKUM 3aHATHUSM I€1€cOo00pa3HO 3a HECKOJIBKO THEH 10
3aHATUS BHUMATeNnbHO 1.2 paza mpodecTb HYKHYIO TEMYy, MOIbBITABIINCH
pa3o0paThCsi CO BCEMU TEOPETHUKO-METOIUYECKUMU TOJOKEHUSIMU U MPUMEpPaMHU.
Jlnia 6onee TyOOKOro yCBOGHHS y4eOHOTO MaTepuaia KpailHe BaxHO oOpaTHThCA 3a
MOMOIIBI0 K OCHOBHOM W JTOTIOJHUTENIbHON yueOHOM, CIpaBOYHOMN JHUTEpaType WU
K IPENoJaBaTelo 3a KOHCyabTauue. KoHcynpTanuu npoBOASTCS €XKEHEACIBHO 110
pacnucaHvio. 3a JIeHb JO TPAKTHYECKOTO 3aHSATHS WIH JIa0OpaTOPHOM pabOThI
KpallHE Ba)XHO TMIOBTOPUTH ONpEJeeHUs O0a30BbIX MOHITHHA, KiIacCU(PUKAIUH,
CTPYKTYPHI U Jpyrue 0a30BbIC MOTOKECHHUS.

Baxxnoii 4dacTeio pabOThl CTyAEHTa SIBISIETCS 3HAKOMCTBO C PEKOMEHAYEeMOH H
JOTIOJIHUTENBHON JIMTEPATYPOU, MOCKOJIBKY JIEKIIMOHHBIM MaTepual, MpU BCEH €ro
BAXHOCTH [UIl MPOLIECCAa H3YyYECHUS JNWCUUIUIMHBI, COJCPKUT JIMIIb MUHUMYM
HEOOXOJIMMBIX TEOPETUUYECKUX CBeleHuil. Briciiee o0pazoBaHue mpenanoiaraer
Oonee riayOokoe 3HaHWe mpenmera. Kpome TOro, oHO mpeamnonaraeT He TOJBKO
ycBoeHne wuH(opmarmu, HO W (GOPMUPOBAHHWE HABBIKOB HCCIEIOBATEIHCKON
paboTsl. [l 5TOro He0OXOIMMO M3y4aTh U CAMOCTOATEIHLHO aHAIM3UPOBATH CTAThU
MEPUOANYECKUX U3NaHUKA U IHTepHET-peCypChI.

PaboTy 1m0 KOHCHEKTUPOBAHUIO JOTOTHUTEIBLHOM JIUTEPATYpPhl CIEIyeT
BBINIOJIHATh, IPEABAPUTEIIBHO WM3YYWB IUIAHBI IPAKTUYECKUX 3aHATUH. B 3ToM
cllydae HU4YEro He OyJeT YMyIIeHO W CTYACHTY HE NPUJIETCS BO3BPAIATHCSA K
3HaKOMCTBY C HMCTOYHHKOM TOBTOpHO. [IpaBuibHas opraHuszaiusi paboThl, uyemy

JOJI2KHBI croco0CTBOBaThH JaHHBIC BbBIIIC PCKOMCHIALIMK, IIO3BOJUT CTYICHTY
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CBOEBPEMEHHO BBITIOJIHUTH BCE 3aJ]aHUs, MOJYYUTh JOCTOMHYIO OIIEHKY M M30€XKaTh,
TakuM 00pa3oM, HEOOXOJAUMOCTH TPATUTh BpeMs Ha MEPENOATrOTOBKY U Iepecaady
npeaMeTa.

[ToAroTOBNEHHBI CTYJIEHT JETKO CJIEAWT 3a MBICIBIO NPENOJaBaTENsA, YTO
MO3BOJIAET OBICTpEE 3alIOMUHATH HOBBIE MOHSATHS, CYIIHOCTh KOTOPHIX BBISABIISETCS B
KOHTEKCTe JieKiuu. [loBTopenne mMarepuana o0nerdaer B AabHEHIIEM MOJATOTOBKY
K DK3aMEHY.

CryneHTaM peKOMEHIYeTCs CIEIyIoIIMM 00pa3oM OpraHu30BaTh BpeMs,
HEO0OXO0IUMOE ISl U3YUYCHHs TUCIUTUINHBI « MaTepuaaoBeieHue):

* M3y4YEHHE KOHCIIEKTA JIEKIINHU B TOT ke JAeHb nocie jekuuu - 10 ... 15 MunyT;

* MOBTOPEHUE JIEKIMH 32 ACHb Nepe caeayromei nekaueit - 10 ... 15 munyr;

* HW3yYECHHE TEOPETUYECKOr0 Marepuana IO PEKOMEHAYEeMOW JuTepaType H
KOHCIIEKTy - 0,5 yac B Helemto;

* MOATOTOBKA K MPAaKTHYECKOMY 3aHATHUIO WU JabopatopHoi padote - 0,4 yaca.
Torma oOmme 3arparhl BpeMEHHM Ha OCBOEHHE Kypca «MarepuanoBeneHue

CTyJI€HTaMU COCTaBAT Okoyio 1,4 yaca B HEJENO.

Onucanue 1ocie0BaTEIbHOCTH JEHCTBUNA 00YUaIOIINUXCS, WIIH aJlTOPUTM

W3YyYEHUS JUCLUIIINHBI

VY4eOHbBIN mpoIece CTYACHTA M0 JUCHMIUIMHE «MaTepranoBeeHne» CBOIUTCS B

MOCJICIOBATEIbHOM ~ M3YYEHHMM TEM  AYJWTOPHBIX 3aHATHUU: JICKIMOHHBIX,

7a00paTOPHBIX W TMpakTHUecKuX. Ha OCHOBE IJIEKIMOHHBIX 3aHATHH, CTYICHT

MEPEXOUT K BBIMOJHEHUIO MPaKTHUYECKUX M JabopaTopHbIX pador. Kpome Toro,

JUIsL YITyOJI€HHOTO M3YYEHHUS ONPESICHHOW TeMBl CTYJIECHTOM CaMOCTOSITEILHO

BBITIOJIHSCTCS 3aJJaHUsI COTJIACHO METOJMYECKHX YKa3aHWUM IO CaMOCTOSTEIbHOU

pabore.

OcBoeHMEe NUCIUILIMHBI «MaTepraaoBe/ICHUE» BKIIIOYAET HECKOJIBKO COCTaBHBIX

AJIEMEHTOB YUEOHOM JIeATEeTLHOCTH.

1. BanmatenpHOE uTeHHe pabodeit mporpaMMbl TUCIMIUIMHBI, YTO TTOMOTaeT
LIEJIOCTHO YBUJETh CTPYKTYPY M3YyYaeMbIX BOIIPOCOB.
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2. N3yyeHne MEeTOAMUECKUX PEKOMEHIAIMN 0 CaMOCTOSTEIbHON paboTe
CTYACHTOB.

3. BaxkHeillieil coCTaBHOI YaCTb0 OCBOCHHUS AUCUHUIUIMHBI SIBISETCS MOCEIICHHUE
nexuui (00s3aTenbHOE) U MX KOHCTIEKTHPOBAHUE.

['myOokoMy OCBOEHHIO JIEKIIMOHHOTO MaTepuaia CIOCOOCTBYET MpeIBapUTEIbHAS

MOJTOTOBKA, BKIIOYAIONIAS YTCHHE TNPEbIIyIIeld JeKIuu, paboTy ¢ ydeOHOM

JTUTEPaTypoH, Y4eOHBIMHU MOCOOUSIMHU U HAYYHBIMHU MaTepUATAMHU.

OO0s13aTeNIbHOE  COCTABJIGHWE WHTEJUIEKT-KapT MO pasjieiamM ydyeOHOro marepualna,

CBSI3aHHOTO C CHCTEMOM MAapKHUpPOBKM CTaJ€dl M CIUIABOB, WX CBOWCTBAMU U

TepMOOOPaOOTKOH.

OOsi3aTennbHOE  BENEHUE — Ioccapusi, T.K. TNPU  HU3YYEHUH  JAUCIMUILTAHBI

MAaTEpUAIOBEICHUE CTYACHThl 3HAKOMATCA C COBEPLIEHHO HOBBIMU I HUX

MOHATHSIMA WM TEPMUHAMHM, IIO3TOMY BEIEHUE TJIOCCApUsl IIOMOXKET 3allOMHUTH

HOBBIEC TEPMUHBI U ONPEACIICHUS 110 JUCLHUILINHE.

PerynsipHast moAroToBka K MpakTHYECKUM 3aHATUSAM U JTa0OPATOPHBIM paboTam,

aKTUBHas paboTa Ha 3aHATHIX, BKIIOYAIONIAs:

1. IloBTOpeHue wmaTepualia JIEKUMA [0 TEME MPAKTHUYECKOTrO 3aHATUS WIH

naboparopHoi paboTel. CocTaBb MHTEIUIEKT KapTy IO TEME.

2. 3HaKOMCTBO C IUIAHOM 3aHSTUSI M CIHCKOM OCHOBHOM W JOMNOJHUTEIbHON

JIUTEPATYpPhl, C PEKOMEHAALMAMU MPENOIaBaTENS MO MOATOTOBKE K 3aHATUIO

3.M3y4yeHne HaydHBIX CBEJCHHI MO JaHHOW TeMe B pa3HbIX y4E€OHBIX MOCOOUAX U

Hay4HbIX MaTepHaiax

4.YteHue NepBOUCTOYHUKOB U MPEAJIAra€MOM JIOMOJIHUTEIbHOMN JINTEPATyphI;

5.BbimuchiBaHMe OCHOBHBIX TEPMHUHOB IO TEME, HAXOXKJICHUE MX OOBSICHEHUS B

TEXHUYECKHUX CIOBAPSAX U BEICHUE II0CCApUs

6.CocTaBieHre KOHCIIEKTa, MPU HEOOXOJUMOCTH, IJJaHAa OTBETa HA OCHOBHBIC

BOIIPOCHI MIPAKTUYECKOTO 3aHATHUS, COCTABICHUE CXEM, TaOJIMI], MHTEIJIEKT KapT

7.1locemieHne KOHCYJIbTAMK MPENOJAABATENsl C LEJIbK BBIICHEHUS BO3HUKIINAX

CIOXKHBIX BOIIPOCOB IIPM TMOATNOTOBKE K 3aHATHIO, I[epec/iadye KOHTPOJbHBIX

3aJIaHUH.
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8.IloAroToBKa K yCTHBIM OIPOCaM, CAMOCTOSITENIbHBIM U KOHTPOJIBHBIM Pa0OTaM.
9.CamocrosiTenbHas mMpopaboTKa TeM, HE H3JIaraeMbiXx Ha Jekiusax. Hammcanue
KOHCIIEKTA 10 PEKOMEHAYEMBIM IPENOAABATEIEM UCTOYHUKAM.

FO.IlonroroBka k sk3aMeHy (B TEUYEHHE CEMECTpa), TOBTOPEHHE MaTepuaja BCEro
Kypca IUCHMIUIUHBI «MarepuanoBeieHue».

[Ipn HemoceumeHuu CTYACHTOM ONPEACIICHHBIX 3aHATHUU, M0 YBaXKUTEIbHON
MpPUYMHE, CTYJACHTOM OTpabaThIBaeTCs MaTepuasl Ha 3aHATHIX, TPU STOM OallIbl 3a
JAHHOE 3aHSTUE HE CHIKAIOTCA. Ecin K€ yBaXKUTEIBbHOCTH IIPONYIIEHHOTO 3aHATHUSA
CTYJICHTOM JIOKYMEHTAJIbHO HE IMOATBEPXKAACTCS, B TaKUX CIydasx Oayibl IO
YCIIEBAEMOCTH CHIXKAIOTCS. B 1ensax yTouHeHus Mareprana o OnpeiesIeHHOW TeMe
CTYJIEHT MOXET MOCETHTh YacChl KOHCYJIbTAIIMH MPEINOAaBaTeNsi, COrJIacHO rpaduky.
IIo OoxkOHYaHWIO Kypca CTYAEHT IPOXOIAUT IPOMEKYTOUYHBIM KOHTPOJb 3HAHUM I10
JTAaHHOW TUCIUIUIMHE B (JOpME DK3aMeHa.

Takum  obOpazom, mpu wu3ydyeHuu Kypca «MatepuajgoBeneHuey  ClaeayeT
BHHMATEJIbHO CIYIIAaTh U KOHCIEKTUPOBATh MaTEpHUall, U3JIara€Mblil Ha ayJIUTOPHBIX
3aHATHAX. [l ero mNnoHMMaHWs M KAayeCTBEHHOTO YCBOCHUSI PEKOMEHIYETCs
CleAyromas Mmociae0BaTeIbHOCTh JEHCTBUM:
1. Tlocine oxoH4YaHHUA Y4YEOHBIX 3aHATHN I 3aKperuieHus MaTepuana
MPOCMOTPETh U 00AyMaTh TEKCT JEKIIMM, MPOCIYIIAaHHON CEeroiHs, pa3o0parb
paccmotpensbie mpumeps! (10 ... 15 MunyT).
2. Ilpu mOAroTOBKE K JIEKLMH CIEIYIOUIEro AHS MOBTOPUTH TEKCT MPEAbIIYIIEH
JEKIMH, TMMOayMaTh O TOM, Kakasg MOXKeT ObITh ciemyromas Tema (10 ... 15
MUHYT).
3. B Tedenue Hexenu BbIOpaTh BpeMs Ui pabOTBI C PEKOMEHIYEMOM
JTUTEPaTypol U s pemeHus 3a1a4 (mo 1 gacy).
4. Ilpu NOArOTOBKE K MPAKTHYECKUM 3aHSATUSM MOBTOPUTH OCHOBHBIE MOHATHUSA 1O
TEME 3aHATHS, U3YYUTh NpUMeEpbl. Pemas 3amaudy, - NpeaBapuUTEIbHO IOHSTH,
KakOM TEOpPETUYECKUMU MaTepuan Hy»XHO UCIOib30BaTh. HameTuTs 1maH

pelleHus, TopoOOBaTh HA €r0 OCHOBE PEMIUTH 1... 2 MpaKTHYECKHUE 3a7a4u.
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Pexomenpanuu no BeJeHUIO KOHCIEKTOB JIEKIIUHN

KoHcrnekTrpoBaHue JEKIIUU - BaKHBIA IIar B 3allOMUHAHUU MaTepUasa, OITOMY
KOHCIIEKT JICKIIMH HEOOXOJUMO HMMETh KaXKIOMY CTYJIEHTY. 3ajada CTyACHTa Ha
JEKIMA - OJHOBPEMEHHO CIyIIaTh MpenojaBareis, aHaJIM3UpOBaTh U
KOHCIIEKTUpOBaTh MHpopMaluto. [Ipu 3TOM Kak CBHUIETENHCTBYET MPAKTHUKA, HE
HY’)KHO CTPEMHTbCS BECTH JIOCIOBHYIO 3alMCh. TakuM oOpa3oM, JIEKIIHIO
MpernojaBaTesii MOXHO KOHCIIEKTUPOBAaTh, MPH 3TOM BAXKHO HE TOJBKO
BHHUMATEIBHO CIYIIAaTh JIEKTOPA, HO W BBIJCIATH Haubosee BaXKHYI0 WH(DOPMAIIHIO
U COKpAIIEHHO 3aIKChiBaTh ee. [Ipu 3ToM 0/1HO U TO ke cojaepkaHue GUKCUpyeTcs
B CO3HAHUM YETHIPE pasa: BO-TIEPBBIX, MPH CAMOM CIIyIIaHWHW; BO-BTOPBIX, KOT/Ia
BBIJICTISIETCSL TJIABHASI MBICIbh; B-TPEThbUX, KOTJAa MOJBICKMBAETCs 0000Iaromas
dpaza, 1, HaKOHEI, MpH 3anucH. Marepuan 3arioMUHaeTCs OoJiee TOTHO, TOYHO U
MIPOYHO.

XopoIuii KOHCIEKT - 3aJI0T YETKUX OTBETOB HA 3aHATHUAX, XOPOIIETO BBHITOJIHEHUS
YCTHBIX OMPOCOB, CAMOCTOSITENIbHBIX M KOHTPOJIBHBIX Pa0OT. 3HAYUMOCTb
KOHCIIEKTUPOBAHMSI Ha JICKIIMOHHBIX 3aHATUSX HecoMHeHHa. [IpoBepeno, dTO
cocraBiieHre YPGEKTUBHOTO KOHCIEKTA JIEKIIUA MOXET COKPATUTh B YETHIPE pa3a
BpeMsi, HEOOXOJUMOE JIJIsl TIOJTHOTO BOCCTAHOBJICHUS HYXKHOW uHpopmaruu. Jlis
PKOHOMHMM BPEMEHM, Tepe]] KaKIOoW JeKIHuel HeoOXOAUMO BHUMATEIbHO
MPOYUTATh MaTepHall MPENbIAYIIeH JIeKIMW, BHECTH WCIPABICHUS, BBIICIUTH
BaYKHBIE ACMEKThI U3y4aeMOT0 MaTepuaia

Koncnekt momoraer He TONBKO Jydllle YyCBawBaTh MaTepHal Ha JIEKIUU, OH
OKa3bIBaCTCSI HE3aMEHUM TIPU MOATOTOBKE 3k3aMeHy. CienoBaTelbHO, CTYJEHTY B
JabHEHIIIEM Ba)KHO yMETh O(DOPMHUTH KOHCHEKT TaK, YTOOBI Ba)KHbIE MOMEHTHI
KyJIbTYpPOJIOTHUYECKOM HWAeH ObUTM  BBIAENEHBI Tpaduveckd, a TJABHYIO
MH(GOPMAIIUIO CIIEIYeT BBIIEIATh B CAMOCTOSTENbHBIE a03a1lbl, GUKCUpPYS ee Oomee
KPYIMHBIMU OyKBaMH WJIM IIBETHBIMH Mapkepamu. KOHCHEKT JODKEH MMETh TOJIS
JUIA 3aMETOK. JTO MOryT ObITh OubnuorpaduyecKkue CChUIKA U, HAaKOHEIl,

COOCTBEHHBIE KOMMEHTAPHH.
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HacrositesibHO PEKOMEHAYI0 COCTABJATDL HHTCIJICKT-KAPThbI II0 H3Y4YaeMOMY

y4eOHOMY MaTepuaty

PeKOMeHI[aI_[I/II/I I10 MMOAIr0TOBKC K ITPAKTHYCCKUM 3aHATHUAM

[IpakTudeckue 3aHATUS SBISIOTCS OJHUM W3 BUJOB 3aHSATUN NPU U3YUYEHHUH Kypca
JTUCHMILTUHBL «MaTepuajaoBeleHue» U BKIIOYAIOT CAMOCTOSITENIbHYIO MOATOTOBKY
CTYJEHTOB TIO 3apaHee TMPENJIOKEHHOMY IUIAaHYy TEMBbl, KOHCIEKTUPOBAHUE
MPEJIOKEHHOW JIUTepaTyphbl, COCTABICHHUE CXEM, TaOJIHIl, paboOTy CO CIOBapsMHU,
y4eOHBIMH TIOCOOMSIMHM, TIEPBOUCTOUYHHUKAMHM, PEIIEHUE 3aJad U MPOOJIEMHBIX
cuTyaiuii, paboty ¢ pabouMMu 4YepTeKaMH aBHAIIMOHHBIX aetaneil. PabGora mo
yepTe)kaM  aBUAIMOHHBIX JIeTaleid OCOOEHHO Ba)XkHa, T.K. OTHOCHUTCA K
PO eCCHOHAIBHBIM 3HAHUSIM.

[lenpto MpakTUYECKUX 3aHATHH SIBISETCS 3aKpeIvIeHHe, paclIiupenue, yriyoaeHue
TEOPETUYECKUX 3HAHUM, TMOJYYCHHBIX Ha JIEKIUAX U B XOJE CaMOCTOATEIHHOU
paboThl, pa3BUTHE TO3HABATEIBHBIX CIOCOOHOCTEHW, TPOBEJACHHE HAy4YHO-
HCCIIEIOBATEIBCKOM PAOOTHI.

3amaveil MpaKTUYECKOTO 3aHATHS SBISETCS (POPMHUPOBAHUE y CTYJIEHTOB HABBIKOB
CaMOCTOSITENTbHOTO MBINUJICHUS ¥ MyOJIMYHOTO BBICTYIUICHUS TPU U3YYECHUU TEMBI,
yMeHusT 00001aTh W aHaJM3UpoBaTh (PAKTUYECKH Marepual, CpaBHUBATH
pa3iuuHble TOYKUA 3pPEHHUS, ONpeAeNsiTh U apryMEHTUPOBATh COOCTBEHHYIO
no3uuio. OCHOBOW 3TOTO BUJA 3aHATHH SIBISETCS WU3y4Y€HHUE MEPBOMCTOYHHUKOB,
MOBTOPEHHE TEOPETHYECKOr0 Marepualia, pelieHne MpoOIeMHO-TTOMCKOBBIX
BONPOCOB. B mpoiiecce MOAroTOBKM K MPAKTUYECKUM 3aHSATUSM CTYACHT YUUTCH:

1. CamocTosaTenbHO paboTaTh C HAy4YHOW, y4eOHOW JIUTEepaTypoil, HayYHBIMU
W3JIAaHUSIMU, CIIPABOYHUKAMU U ClienuaibHbIMU MHTEepHET-pecypcaMu

2.Haxonute, oTOMpaTh U 000011aTh, aHATM3UPOBATH UHHOPMAITUIO

3. BeicTynaTe nepel ay IuTopHei

CaMoOmnoJroToBKa K  MPAKTUYECKUM  3aHATHSAM  BKIIOYAET TaKue  BUIBI

ACATCIBbHOCTH Kak:
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1. CamocrosiTenbHass TpopadOTKa KOHCIEKTa JEKIHUHU, YYEOHUKOB, YUYEOHBIX
nocoOui, y4eOHO-METOMYECKON JTUTEPATYPHI
2.KoHcrniekTupoBaHue 00s3aTeIbHON JUTEPATYPHI; paboTa ¢ MEPBOMCTOYHHKAMH,
YTO SBIISAETCS OCHOBOM JJisi OOMEHA MHEHHSIMH, BBISIBJICHUS HEMOHITHOTO
3.BeicTymuieHus ¢ AokiagaMu (JOMaIllHUMU 3aJJaHUsIMA M UX 3aIUTa)
4. [ToaroToBKa K OMpocaM U KOHTPOJILHBIM paboTaM U SK3aMEHY.
CoOpanHble CBeJEHHs, WCTOYHUKH TIO OMNPEJEICHHON TeMe MOTYT CIYXHUTh
OCHOBOM 11 BBICTYIUIGHHS C JIOKJIQJOM Ha 3aHATUSAX 1O JUCIUIUIMHE
«MarepuanoBeneHue».
Jloknaza - BUJ CaMOCTOSITENIbHOM Hay4YHO-MCCIIENOBATEIbCKON pabOThI, TJE aBTOP
pPacKpbIBae€T CYIIHOCTh HCCIEAYEeMON MPOOJIEMbl; MPUBOJAUT PA3IUYHBIE TOYKHU
3peHusi, a TaKkKe COOCTBEHHBbIC B3MVIANbI Ha Hee. Pa3nmuyaroT yCTHBIA U
MMCbMEHHBIA JIOKJIT (10 cojepykaHuio, ONM3Kui K pedepaty). BricTymienue c
JIOKJIAZIOM BBISIBIISIET YMEHUE paboTaTh C JIUTEPATYpOM; CIOCOOHOCTh PACKPHITH
CYIIHOCTh TIOCTaBJICHHOW MpOOJEeMbl KOJUIETaM II0 TpYyIIe, €€ aKTyalbHOCTb;
OOIIyI0 TIOJITOTOBKY B paMKaX IUCIUTUIMHBI.

Pexomenmamuu 1mo paboTte ¢ IUTEPaTypoOut
[Ipuctynas K u3ydeHuIo TUCIHUIUIMHBI «MaTepuaaoBeneHrue», CTYACHThHI JTOJKHBI
HE TOJIBKO O3HAKOMUTHCA C paboueil yueOHOU mporpammoii, yueOHOM, HAy4yHOU |
METOJIMYECKON JTUTEepaTypoi, uMmerolieiicss B HayuyHoit oubnunoreke JIBDY, Ho u
o0paTuThCs K PEKOMEHJOBAHHBIM DJJIEKTPOHHBIM y4eOHHKaM U y4eOHO-
METOJIMYECKUM MOCOOUSM, 3aBECTU JIBE TETPAIU JIJIsi KOHCTIEKTUPOBAHUS JICKIIUN U
paboTel ¢ mepBoucToYHHKaMHU. CamocTosiTeNbHAas paboTa C Y4yeOHHKAMU U
KHUTAaMH - 3TO BaKHEHIIee ycIoBUE (POPMUPOBAHUS y CTYACHTa HAYYHOTO
crocoba Tmo3HaHMWs. YUUThIBas, 4YTO paboTa CTYJIEHTOB C JHUTEpaTypoil, B
YaCTHOCTH, C TIEPBOMCTOYHUKAMH, BBI3BIBAET OIpPEACTICHHBIE TPYIHOCTH,
METOJIMYECKUE PEKOMEHIAINH YKA3bIBAIOT HA METOBI pa0OTHI C HEM.
Bo-nepBbIx,  ciegyeT  O3HAKOMHUTBCS C  IUIAHOM U PEKOMEHJAIUsSIMU
MpernojaBaTelis, JaHHBIMU K MPAKTUYECKOMY 3aHATHI0. BO-BTOpBIX, HEOOXOIUMO

npopaboTaTh KOHCIEKT JIEKI[MH, OCHOBHYIO JIUTEPAaTypy, O3HAKOMUTBHCS C
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JIOTIOJIHUTEILHOW ~ JIUTEPATypOd, HOBBIMU MYOJUKAIUAMH B TMEPUOJIUYECKUX
U3JIAaHUSX, a TaKKe JIOMOJHUTEIBHO HCIOJIb30BaTh HMHTEPHET-pecypchl. CHUCOK
00s13aTeNTbHON U JIOMOJHUTEIBHON JIUTEPATyphl, BKIIOUYAIONIUN MEPBOUCTOYHUKH,
HAy4YHBIE CTaTbHM, Y4YEOHUKH, Yy4YeOHbIE TMOCOOUS, CIOBApH, HHIUKJIIONEINH,
MPE/ACTaBICH B pabouell yuyeOHOW mMmporpamMme AaHHOM IUCIUILIMHBI, a TaKXke B
ANIEKTpOHHOM BapuaHte kypca B cucreme LMS Blackboard. B-tpersux, Bce
MPOYUTAHHBIE CTaThbU, MEPBOMCTOYHHUKH, YyKa3aHHbIE B CIIMCKE OCHOBHOM
JUTEPATyphl, CIEIyeT 3aKOHCIEKTHPOBaTh. BMmecTe ¢ TeM 3TO HE O3HA4YaeT, 4YTO
HAJI0 KOHCIIEKTHPOBATh «BCE MOJAPSI». MOXXHO BBINUCHIBATH KPAaTKO OCHOBHBIE
WU aBTOpa U WHOTJA MPUBOJUTH HauOoOJee SAPKUE U MOKa3aTelbHbIE IUTATHI (C
yKa3aHUEeM CTpPaHUI] M HCTOYHWKA). 3aKOHCIEKTHPOBAHHBIA MaTepuan MOMOKET
MPOAHATM3UPOBATh PA3IMYHBIE TOYKH 3pEHHUS [0 CIOPHBIM BOMNpPOCaM H
apryMEHTHUPOBAaTh COOCTBEHHYIO MO3UIMIO, OyJeT crmocoOCTBOBaTh BHIPAOOTKE
COOCTBEHHOTO MHEHUS IO MpodiieMe.

KoHcnektupoBanue MEPBOMCTOYHUKOB IMPEANONAraeT KpaTkoe, JaKOHUYHOE
MUCbMEHHOE M3JI0)KEHHE OCHOBHOTO COJEP)KaHUS, CMbICIA (IOMHUHAHTHI) KaKOTO-
mnbo Tekcra. Bmecte ¢ TeM 3TOT mporiecc TpeOyeT aKTUBHOM MBICIUTEIBHOM
paboTbl. KoHCHEKTHpyeMBbIii MaTepuasl COACPKHUT HHPOPMAIUIO TPEX BHUJOB:
TJIaBHYIO,  BTOPOCTENEHHYI0 W BCIIOMOTaTelbHyI0. [ JaBHOW — siBIsieTcs
uH(pOpMalIKs, UMEOIas OCHOBHOE 3HAYEHUE IS PACKPBITUS CYIIHOCTH TOTO WIJIH
WHOTO BOIpOCa, TeMbl. BTopocTeneHHas WHpOpMAIUS CIYXKHUT ISl TOSCHEHUS,
YTOYHEHUS TiaBHOU MbIcTU. K 3TOMy THIy MH(pOpPMAIIUU OTHOCSTCS Pa3HOro poja
KoMMeHTapuu. HasHauenuwe BcrioMorareiabHOW WH(MOPMAIMU - TOMOYb YUTATEIIO
Jy4lie TOHATh JAaHHBIA MaTepuan. IJTO BCSIKOTO poOJia HAMOMUHAHUS O paHee
U3JIaraBIIeMcs MaTepuase, 3aroJIOBKHU, BOMPOCHI.

PaGotast Han TekcToM, cienyer u3beraTh MEXaHUYECKOTO MEPEenUChIBaHUS TEKCTA.
Baxxno  BBIIENATH  TJaBHBIE — TOJIOKEHUS, dbukcupoBaHue  KOTOPBIX
COMPOBOXAAETCA, B Cllyyae HEOOXOJUMOCTH, LUTaTaMHu. BcrnomorareiabHyo
MHGOPMAIIUIO TTPU KOHCTIEKTUPOBAHMHU HE 3aITUCHIBAIOT. B KOHCHEKTE HEOOX0IMMO

yKa3blBaTh MCTOYHUK B TaKOW TMoOCHeAOBaTeIbHOCTU: 1) aBTOp; 2) Ha3BaHUE
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paboTe; 3) MecTo wu3AaHus; 4) Ha3BaHWE W3AATENLCTB; S5) TOA U3AaHUS; 6)
HyMepaIusi CTpaHuIl (Ha MOJSX KOHCIEKTa). JTH JIaHHBIE MO3BOJISIT OBICTPO HANTH
HUCTOYHUK, YTOUYHUTHh HEOOXOAMMYI0 HH(OpPMAIMIO MPH IMOATOTOBKE K OMPOCY,
TECTUPOBAHUIO, K KOHTPOJIBHONW paboTe. YCBOGHHIO HOBOTO Marepuaia
HEOIICHUMYIO TIOMOIIb OKAa3bIBAIOT COOCTBEHHBIE CXEMbl, PHUCYHKH, TaOJHIIbI,
rpaduueckoe BBIJEICHUE BaXHOW MbICTUM. Ha Kakmoil crpaHuUIle KOHCIIEKTa
BO3MOHO BBIJICJIEHUE TPEX-YETHIPEX BAXKHBIX MOMEHTOB IO ONPEACIICHHOW TEME.
HeoOxomuMo B KOHCHEKTE OTpa)kaTh CYIIHOCTb MPOOJEMbI, MOCTAaBIEHHOTO
BOIIPOCA, YTO CIY>KUT PELICHUIO MIOCTABJICHHON HA ITPAKTUYECKOM 3aHATUU 3a]aye.
Ecnu Bbl 4yBcTByeTe, YTO HE BIAJACETE HABBIKOM YCTHOIO M3JIOKEHUS,
COCTaBJISINTE MOJAPOOHBIN TUIaH MaTepuaina, KOTOpbld Oynere uznaratb. Ho Tosbko
IUIaH, a HEe TOJAPOOHBIA OTBET, T.K. B 3TOM ciy4ae Bbl Oymere ero uuTaTh.
CrapaliTecb OTBEYaTh, MNPUIEPKHUBAACH NYHKTOB IaHa. (rapaiiTech He
BOJIHOBaThCs. ['OBOpHUTE BHATHO IMPH OTBETE, HE YMOTPEOISITE ClIOBa-Tapa3uThl.
[IpeononeBaiite Oosi3HL BHICTYIUICHHH. Cwmenee BCTymaiiTe B MOJEMUKY U HE
cTpajaiite, eciu Bam He ynacTcs B Hell TOOETUTh.

KoncynbprupoBanue mnpenojgaBateneM. Ha3HaueHue KOHCyNbTalMH - IIOMOYb
CTYJCHTy B OpTraHU3allMd CAMOCTOSITENIbHOM paboThl, B OTOOpPE HEOOXOTUMOM
JNOTIOJIHUTENBHON ~ JIMTEPATyphbl, COJECUCTBOBATH  PA3PCLICHUI0  BO3HUKIIMUX
BONIPOCOB, TPOOJEM MO COACPNKAHUIO HIM METOJMKE TMPENoJaBaHusi, a TaKXKe
MPOBEPKE 3HAHMMA CTYACHTAa MPOMYIMIEHHOTO 3aHATHS. OOBIYHO KOHCYJIbTAlWH,
KOTOpBIE TMPOXoAiaT B ¢opMme Oecelpl CTYACHTOB C MPENojaBaTelieM HUMEIOT
(bakynbTaTUBHBIN XapakTep, T.€. HE SBJISIOTCA O00S3aTeIbHBIMU JIJISi MOCEIIEHUSI.
Koncynpranus kak JONOJHUTENbHAas ¢opMma ydeOHBIX 3aHATUH MPEIOCTaBISET
CTYyJIEHTaM BO3MOXHOCTb Pa3bACHUTh BOIIPOCHI, BO3HUKIIHWE HA JEKIUH, IIPU
MOATOTOBKE K MPAKTUYECKUM 3aHATUSIM WIM DK3aMEHy, @pU HAlUCaHUU
CTYJICHUYE€CKOW HAYyYHOW pabOThI, IPH CaMOCTOSATEIHLHOM M3yUYE€HUU MaTepHuaa.

B nmo6om citydae, ecnu Bel cobpanuch uaTu Ha KOHCYJIbTAIHIO:

nocTapaiTech 3apaHee 4eTKo c(hOpMyIHpPOBaTH CBOM BOIPOC (MM BOIPOCHI);
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3a7aBasi BOIIPOC MPENOAABATEI0, MOKAXKUTE, YTO BBl caMOCTOATENBHO CHENAIN
JUISL €TO Pa3bsICHEHUS.

PexoMennanuu no nmoaroToBKe K 9K3aMEHY
PazbsicHenust 1mo ToOBOAY palOThl C PEUTHHTOBOM CHCTEMON M TMOATOTOBKE K
JK3aMEHY
PeiitHrOBasi cucTema mpejcTaBiseT co0ol OAMH M3 04eHb d(P(HEKTUBHBIX METOJIOB
OpraHu3alyu y4eOHOTO TPOIEcca, CTUMYIUPYIOUIETO 3aWHTEPECOBAHHYIO PaboTy
CTYJCHTOB, YTO IPOMCXOJMUT 3a CYET OpPraHM3alUdHd MEPEX0Ja K CaMOPa3BUTHIO
00y4aroIerocss 1 caMOCOBEPIIICHCTBOBAHUIO KaK BeIyIIed Leiau o0ydeHus, 3a cUeT
MIPEIOCTABJICHNUS BO3MOXKHOCTH pa3BUBATh B ce0€ CaMOOIICHKY. B KOHEUYHOM uTOTe
ATO TIOBBIIIAET OOBEKTUBHOCTH B OLIEHKE 3HAHUIA.
[Ipu ucnonb30BaHUM JTAHHOW CHCTEMBI BECh KypC IO MpeAMETy pa3OuBaercs Ha
TeMaTuyeckue paszaensl. 1lo OKOHUaHMM W3ydeHMs KaXIOro W3 pas3lciioB
00s13aTeIbHO MPOBOJUTCS KOHTPOJIb 3HAHWN CTyAEHTa C OIeHKkoW B Oamiax. [lo
OKOHYaHUM H3y4YEHUs Kypca OMpeJeNsaeTcs cymMMa HaOpaHHBIX 3a BECh MEPHUO]
0aJIOB U BBICTABIISIETCS] OOIIast OIEHKA, U CTYJEHT MOJy4yaeT OMyCK K dk3ameH. B
LEISAX ONEpPaTUBHOTO KOHTPOJS YPOBHS YCBOGHHMS MaTepHalia JIUCLMILIAHBI
«MarepuanoBeieHue» W CTUMYJIHMPOBAHMS AaKTUBHOM Y4eOHON NeATeIbHOCTU
CTYIEHTOB (OYHON (OpMBI OOYUYEHHMSI) UCTIONB3YETCS PEUTHHIOBasI CUCTEMA OLEHKU
YCIIEBA€MOCTH. B COOTBETCTBMM C 3TOM CHCTEMOW OLIEHKH CTYJCHTY B XOJI€
W3YYEeHHs] JUCIUIUIMHBI TPEIOCTABISETCS BO3MOXKHOCTh HA0paTh OMNpE/EIICHHBIH
MUHUMYM OajUIOB 3a TEKyIIylo paboTy B cemectpe. PesynmpTupyromas oleHka 1o
muciuiinHe «MarepranoBeieHne» CKIAAbIBACTCS M3 CyMMbl OallJIOB TEKYIIETO
KOHTPOJIA U pe3yJibTara cIayl SK3aMeHa
«ABTOMAaTHUYECKUI» DK3aME€H MO0 JUCHUMIUIMHE HE BbICTaBisercs DopMoi
IIPOMEKYTOUYHOTO KOHTPOJIS 3HAHUU CTYJICHTOB o JUCIUTUINHE
«MarepuanoBeneHue» SBIIETCA 3K3ameH. [IoAroTroBka K 3K3aMEHy M YCHEUIHOE
OCBOCHHME MaTepHuajia AWCHUIUIMHBI HAYMHAETCA C T[EepBOr0 JHA H3yYCHHUS
JTUCIUIUTMHBI U TPEOYeT OT CTy/IEHTa CUCTEMATHUECKON paboThI:

1. He nponyckaTh ayIUTOPHBIE 3aHATHUS (JEKIHUH, TPAKTUIECKUE 3aHATHS)
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2. AKTHBHO y4acCTBOBaTh B paboTe (BBICTYyINAaTh C COOOIICHUAMHU, TPOSBIAs ceOs B
pONMM  JOKJAMYMKa W B POJM  OMIOHEHTAa, BBHINOJIHATH BCE TPEOOBAHMS
mpernojaBaTesis [0 M3YYEHHIO Kypca, NPHUXOJUTh MOATOTOBJICHHBIMU K
MPAKTUYECKUM 3aHITUSIM U JIaDOpaTOPHBIM paboTam)

3. CBOEBpEMEHHO BBHITIOJIHATH KOHTPOJIbHBIE pa0OTHI, CIaBaTh TECTOBBIC 37aHUS

4. PerynspHO cuCTEMaTHU3UPOBATh MaTepHall 3alUCel JEKIMOHHBIX, MPAKTUYECKUX
3aHATUN: HAMKMCAHUE COJIEP)KAaHUs 3aHATHH C yKa3aHHUEM CTpaHMI], BbIICICHHEM
(oguepKUBaHUEM, I[BETOBHIM O(POPMIICHHEM) TE€M 3aHSTHH, COCTaBICHHE CBOUX
CXeM, TaOJHI], UHTEIIEKT-KapT

[ToaroToBka K »5K3aMeHy MPEIIoJiaraeT CaMOCTOATEIbHOE TOBTOPEHUE paHee
M3YYEHHOTO MaTepuaia He TOJIbKO TEOPETUUYECKOT0, HO U MPAKTUIECKOTO.
Cucrematuyeckass M CBOEBpeMEHHass paboTa 1O OCBOCHHUIO MAaTE€pPHAIOB TIO
auciuIuinHe  «MarepuanioBeIeHHe» CTAaHOBHUTCS 3aJIOTOM  TOJTYYEHHS BBICOKOM
OLIEHKH 3HAHUH (B COOTBETCTBHM C PEUTHHIOBOM CUCTEMOM OIICHOK).

CTyneHThl TOTOBSTCS K DK3aMEHY COTJIaCHO BOIIpocaM K dk3ameHy. Ha sk3aMeHsbl
CTYJEHTHI JIOJDKHBI ITOKa3aTh, YTO MaTepual Kypca UMu ocBoeH. [Ipu moarotoBke k
DK3aMEHY CTYyJIEHTY HeoO0XonuMo (BOMPOCH K HK3aMEHY BBIJIAIOTCS B Hadaje
ceMecTpa):

* O03HAKOMHUTBHCA C MPEAJIOKEHHBIM CIIMCKOM BOIPOCOB

* MOBTOPUTH TEOPETHUECKHM MaTepuasl JUCIHUIUIMHBI, WCIONb3Yysl MaTepHuall
JEKUUH, OTYETOB MO JTA0OPATOPHBIM paboTaMm, MPAKTUYECKUX 3aHATHM, YY€OHUKOB,
Y4eOHBIX TTOCOOHI

* TOBTOPUTH OCHOBHBIC MOHSATUS U TEPMUHBI JTUCITUTUIAHBI

B sk3amenanronnom Owiere mo aucuuiuinHe «MatepuanoBeneHuey Impeagaraercs
JIBa 33/IaHUSI B BUJIE BOIIPOCOB, HOCSIIUX TEOPETHUUECKUN XapaKTep M OJUH BOMPOC
MPAKTUYECKHUM, a UMEHHO: paboTa Mo YepTexKy aBUAIIMOHHOW JI€TalH WU pelieHUe
3amayr. Bpemsi Ha MOATOTOBKY K SK3aMEHY YCTAHABJIMBAETCS B COOTBETCTBUH C

o0IMMH TpeOOBAHUSIMH, TPUHITHIMU B [[BOY.
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Pexomenpamuu 1mo pabore ¢ yepTekaMy aBUAIMOHHBIX JIeTaJCH.

PaGouniti yepTéx - 93TO TOT TEPBBIM OCHOBHOW  HMHXKEHEPHBIN
KOHCTPYKTOPCKHI JOKYMEHT, C KOTOPBbIM pabOTalOT CTYJIEHThI CTAPIIMX KypCOB
IPU U3YUYEHUH CHEIHATBbHBIX U 001IenpohecCHOHATBHBIX AUCIUIUINH, TAKUX Kak:
J€Taly MAlIUH W OCHOBBl KOHCTPYHUPOBAHHUSA, IPOEKTUPOBAHUE CAMOJIETOB
(BepTONETOB), KOHCTPYKIIUS CaMOJIETOB (BEPTOJIETOB), TEXHOJIOTHS MPOM3BOJICTBA
camon€ToB (BepToi€TOB) U apyrux. C paboyrMu 4epTeKaMH CTYIEHThI paboTaroT
IpU  BBINOJIHEHUH KYPCOBBIX W JHUIUIOMHBIX MPOEKTOB, MPH MPOXOKIECHUU
y4eOHOM © JpYyruxX BHUAOB MPAKTUKHU, MPEAYCMOTPEHHBIX TOCYJapCTBEHHBIM
o0pa3oBaTeNbHBIM CTAaHJAPTOM BBICHIETO OOpa3oBaHMs. [IpakTHueckue HaBBIKH,
chOpMHUPOBAHHBIE TIPU BBITIOJIHEHUN JAHHOTO KOMILIEKCA 3aJjaHui, HEOOXOJIUMBbI
U B Mpoiiecce Oyaylield MPOU3BOJCTBEHHOM AEATETbHOCTH JI000ro OakaniaBpa.
bakanaBp MOMKEH yYMEThb YWTaTh 4YEPTEXK, NPABUIBHO IMOHUMATh 3aMbICET
KOHCTPYKTOpA, MOIy4aTh MOJHOE MPEACTaBIEHUE HE TOJIBKO O (Qopme, pa3Mmepax,
HO U 0 MaTepualie, U3 KOTOPOro M3rOTOBJIEHA JaHHAs JE€Talb WIN Y3€l, a TAKXKE O
JAPYTUX TPEeOOBAHMSX, MPEABSABISAEMBIX K TOTOBOMY H3JIEJUIO, B YaCTHOCTH TIO

TepMOOOpabOTKe, 3alUTE JETAU OT KOPPO3HUH.

Conepxanue 3afaHuil o pabodyeMy YepTexKy JICTaH.
PykoBojacTBysch unbopMaliinen, 3aJ10)KeHHON B YepTEXKe JeTallu, POBECTH
MH(OPMAIIMOHHBIN TTOUCK U OTBETUTH HA CIIEAYIOIINE BOMPOCHL:

1. ITpoBecTr aHaMM3 TEOMETPUUYECKON (POPMBI U KOHCTPYKTHUBHBIX OCOOEHHOCTEU
JETaJIN.

2. JlaTp XapakTepuUCTUKy MaTepuaia JeTalid, paciu@poBaTh, BBITOJHUTH aHAIN3
MEXaHUYECKUX U TEXHOJOIMYECKUX CBOWCTB MaTepuaa.
3. Haznauuts pexum TtepmooOpadotku (T.0.), moctpouts rpaduxk T.O. Ha
COOTBETCTBYIOLIEH JHarpaMMe COCTOSIHHMS KOMIIOHEHTOB YKa3aTb TEMIIEpaTypbl
narpesa npu T.0. [lats onpeznenenust BeIOpaHHbIM BugaMm T.0., BBIIIOJIHUTH aHAIN3

BiusiHus T.0O. Ha CTPYKTYypy M CBOWCTBa MaTepuana.
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4. Yka3zath crioco0 3amuThl OT Koppo3uu. [IpoBectu ero aHaims, onucaTh CIOCOOBI
IIOJIyYEHHS! U CBOWCTBA AHTUKOPPO3UMHBIX TOKPBITHH.

5. Vkazarb KpUTEpUu BBIOOpAa MHCTPYMEHTAIHLHOTO MaTepuaya Jisi W3TOTOBICHUS
PEXYIIEr0 WHCTpyMeHTa. BpiOpaTh MapKy HWHCTPYMEHTAJIBHOTO MaTepuaa st

W3TOTOBJICHUS MHCTPYMEHTa i1 O0OpaOOTKM TMOBEPXHOCTH JCTalu

(mo ykazanmio mpenojaBatens). IlpoBecTu aHanmu3 CBOWCTB  BBIOPAaHHOIO
WHCTPYMEHTAJIBHOTO MaTrepuana. JlaTh XapakTepucTUKy, pacmudpoBaTh, yKa3aTh
CBOMCTBa BHIOPAHHOI'O MHCTPYMEHTAJIBHOTO MaTepHaa.
6. Beiopate Hanbonee 3(pPexTUBHBIN METON yHmpOo4YHEHHUs pabodmMXx MOBEPXHOCTEU
PEXYIIETO HWHCTPYMEHTA, TMOJOXKHUTEIbHO BIMSIONMA Ha pabOTOCTIOCOOHOCTH
WHCTPYMEHTA.
7. Bb1OpaTh 1 omucaTh METOJ HEPA3PYIIAOIIETO KOHTPOJIS JETAIH.
[lepen BbIMONHEHHWEM 3aJaHUs HEOOXOAMMO TINATENBHO H3YyYuTh 4epTéx. Bces
uHpopMalusg, KOTopas HEOOXOAMMAa HJsi BBITIOJHEHUS 3a/JaHUs, HAXOIUTCS Ha
YepTexe.
B ocHoBHOI Haamucu yka3zaH HOMEp uYepTeka, Ha3BaHUE JETalld, Macca JeTalu
(xr), MacmTad, B KOTOPOM BBITIOJTHEH YEPTEK, MapKa Marepraa.
B TexHuyeckux TpeOOBaHMSX yKa3aHbl: TpeOOBaHWSA K MaTepuaily, 3aroTOBKE,
TepMHUYECKOi 00paboTke, TpeOOBaHUS K Ka4eCTBY MOBEPXHOCTEH, YKa3aHUs K UX
OTJENIKE, CBEIACHHUS O TMOKPBITUU; pa3Mephbl, HUX TNPEIEIbHbIE OTKIOHEHUS,
npeneiabHble OTKIOHEHHS] (OPMBI B3aUMHOTO PACIOJIOKEHHUS TMOBEPXHOCTEH,
YCIOBUS M METOJbl HUCIBITAHUN, YKa3aHUS O MapKUPOBAaHUM U KJICHUMEHMUU;
MpaBWJIa YIAKOBKH, TPAHCIIOPTUPOBAHUS U XpaHEHUS JETalH.

MeTtoauyeckne peKOMEHIAIUM M0 BbINMOJHEHHI) HAYYHO-UCCIE0BATENbCKHUX

padort

BaxHeHmM »JIeMEHTOM pa3BUTHUS CUCTEMBI BBICIIETO OOpa30BaHUS SBIISETCS
MOJTOTOBKA MOJIOJBIX CIEHUAINCTOB, I KOTOpOW HeoOXoauMa cucTema
OpraHM3aIlK HAy4YHO-HCCIIE0BATENLCKON JIEATEIbHOCTH CTYJCHTOB B By3aX.
[lenapt0 Hay4YHO-UCCIENOBATENBCKOM pPabOTHl CTYACHTOB MO CHEIUAIBHOCTH

24.05.07 Camonéro- BepTONETOCTpOCHUE crienuanu3anus «BepronérocTpoenue»
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apigercs  (GOpMUpOBaHUE  KBATM(UIIMPOBAHHOTO  KAaJpPOBOTO  pecypca,
CIOCOOHOT0 WCIIOJIb30BaTh IIOJIyYEHHbIE 3HAHUA B obactu
«MarepuanoBeneHus» B MpodheccuoHAIBHON eATeIbHOCTH.

Kpome Toro, Hay4HO-UCClENOBATENbCKas  JEATEIBHOCTh  OOYyYaIOIUXCS
OTHOCHUTCSI K aKTHBHBIM METOJaM OOY4YeHHUS - JIeATEIbHOCTh, TJABHOM IEIBIO
KOTOPOM sIBJsIETCSl 00pa30BaTENIbHBIN PE3yJbTaT, OHA HampaBlieHa Ha OOy4YeHHe
CTYJCHTOB, Pa3BUTHE y HUX HUCCIEHOBATEIBCKOTO THUIIA MBILJIEHUS, HAay4YeHUE
QITOPUTMY BEJICHUSI HCCIIEJOBaHMsS, HaBBbIKAM, KOTOpPbIE MOTYT OBITh 3aTeM
MCIOJIb30BaHbl B MCCIEAOBAHUU JIOOOM CIOKHOCTH W TeMaTHku. OpraHu3aius
HUPC nanpapiieHa Ha BbISBICHHE HanOoJiee ONAPEHHBIX CTYACHTOB, UMEIOIIUX
BBIPOKEHHYI0 MOTHBAIIMIO K HAYYHOM NEATEIbHOCTH; CO3JIaHUE OJarompHsITHBIX
YCIIOBUW JUIS Pa3BUTHS U BHEAPEHHUS PANIMYHBIX (POPM HAYYHOTO TBOPYECTBA
MOJIOZICKH, Oa3UPYIOMIMUXCS HA OTEYECTBEHHOM U 3apyO0eKHOM OIbITE W
pe3ysibTaTax Hay4YHO-METOAMYECKHX pa3pabdOTOK; COJCHCTBHE BCECTOPOHHEMY
Pa3BUTUIO JIMYHOCTH CTYJIEHTa, (OPMUPOBAHUIO HABBIKOB CAMOCTOSITEIBHOM
paboThl W paboThl B TBOPUYECKHX KOJJICKTUBAX, OBJAJCHUE METOJ0JIOTUEH
HAay4YHbIX MCCJIEJOBAHWM; HWHTETPALMI0 HAYYHO-IIPAKTUYECKUX [MOTECHLMAJIOB
MPENoAABaTeiel M CTYACHTOB, HANPABICHHYIH Ha pEIICHUE HAay4yHO-
MPAKTUYECKUX MPOOIEM B Pa3IMUHBIX OTPACIAX HAYKH.

Yactp ay4ymmx paboT, BBIMOJHEHHBIX B TMPOILECCE HU3YYCHUS JUCIUTUIAHBI
«MarepuanoBefenue», OyIeT TPENCTaBICHO Ha  HAYYHO-TIPAKTHYECKOU
KOH(EpEeHITUH.

HUPC, BxmtoueHHas B yueOHBIM  TPOIECC MO  JAUCIUILIIMHE
«MarepuanoBeicHHE», BBITIOJNHSAEMAass B COOTBETCTBUM C y4E€OHBIMU IJIAHAMHU U
mporpaMMaMiy TPEAyCMaTPUBAET: BBINOJHEHUE WHAWBUAYAJIbHBIX 3a/IaHU,
7abopaTopHBIX paboT, CoOAEpKAIIMX DJIEMEHTHl HAY4YHBIX HCCIIEIOBaHH;
W3YyUYCHHE TEOPETUYECKUX OCHOB METOJMKH, IIOCTAaHOBKH, OpraHU3aluud W
BBIMIOJIHEHUS] HAYYHBIX MCCIIEIOBAHUMN, IJIAHUPOBAHUS M OPraHU3alMU HAYYHOTO

DKCIIEpUMEHTa, 00paboTkM HayuyHbix JgaHHbiX. HUWPC  Beimonnsiercs B

39



naboparopuu «MarepuanoBeneHus» Kadenpsl «Camonéro- u
BEPTOJETOCTPOEHUS» (prinana.

JTanbl NPoBeIeHUs HAYYHOI'0 UCCJIeJOBAHNUS CTYIEHTA
[Ipu moAroTOBKE M MPOBEACHUU UCCIIEOBAHUS BBIJCIAIOT HECKOJIBKO JTAIlOB,
KOTOPBIE OTIUYAIOTCS APYT OT JAPyra XapaKTepoM U COJepKaHueM, popMamMu U
poleAypaMu UCCIEA0BATEIBCKOM AEITEIbHOCTH. JTH ATarbl B3aUMOCBSI3aHbI U
00BETMHEHBI JJOTUKON €IMHOTO MCCIEA0BATEIHCKOTO 3aMbICIa.
I. lToaroToBUTEIBLHBIH ITAI
Ha »sTOoM »Tame yTOYHSIETCS TeMa, COCTaBJSIETCS MMpOrpaMma HCCIIeJOBaHMUS,
OTIpesieNisieTCs BBIOOpKA, pa3pabaThIBaeTCs WHCTPYMEHTApUM, COCTAaBIISIFOTCS
rpaduku paboT, MPOBOJATCS OPraHU3AIMOHHBIE MEPOIIPHUSTHSL.
PaGouunii mman umeer mpousBoibHYIO (Gopmy. Ilepen cocraBmenuem pabouero
IIaHa HEOOXOAUMO YSICHUTh OYEPETHOCTh U JIOTMYECKYIO TOCIIEI0BaTEIHLHOCTD
BBITIOJTHEHUSI HaMEYaeMbIX 3aJad MCCIEJOBaHMs, pPa3padoTaTh CTPATETUIO H
TaKTUKY BBIMIOJTHEHUS HAYYHOTO MCCIIEIOBAHUS M0 CBOEH paboTe.
Jl5is TOro, 4TOOBI MPABWIILHO MPOBECTH MCCIEI0OBAaHUE, HEOOXOAMMO pa3paboTaTh
nporpaMMmy, B KOTOpPOM JIODKHA OBITh H3JIOKEHa oOmas  KOHIETIHUs
uccienoanus. [IporpaMMa BKIIIOYAET CIIETYIOIINUE TAIBI:
1. Onpenenenue mpoodIEMBbI
Onpenenuth Hay4HyIO MpOOJIEMy HCCIENOBaHHUS - HE BCEr/a IpocTas 3ajaya.
OdeHb Ba)XXHO OO0JYMaHHO MOJXOAWTh K (POPMYITUPOBKE TEMbl HCCIEIOBAHUS,
9YTOOBI 3asBJICHHAS TeMa JIEUCTBUTEIHHO OTpa)kajia CyIIECTBYIOIIYIO MPOOIEMYy.
2. BoisiBnenue 00beKTa MCCIEIOBAHUS
OOBeKT - 3T0 Ta 0071aCTh JEHCTBUTEILHOCTH, KOTOPAsi COAECPIKUT OMPE/ICIICHHbIC
MPOTUBOpPEUUs (T.€. ABIACTCS HOCUTENIEM MPOOJIIEMHOM CUTYalluK) U Ha KOTOPYIO
HaIpaBJIEH Mpoliecc Mo3HaHusg. HbIMU CJI0BaMHU, TO, HA YTO HAIIPABIICHO
HCCJIeIOBAaHNUE.
3.BoisiBnenue npeamera ucciaenoBaHus
[Ipeamer - 3TO CBOWCTBA, CTOPOHBI, OCOOCHHOCTH 00BEKTa, KOTOPhIE B HanboJiee

MOJTHOM BHJIE BBIPAXKAIOT UCCIIETYEMYIO TTPOOJIEMY U MOJUIEkKAT N3YUCHHUIO.
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4.0003Ha4YeHHE 11€TTM UCCIIeI0OBAHNUS

Lens nccnenoBanus A0KHA OPUEHTUPOBATh Ha KOHEYHBIN pe3ysIbTatr

MCCIIeI0BaHUA.

5. Onpenenenue 3aaa4

3amaun Wcclea0BaHUs - HEOOXOAUMBIE CPEICTBA Peau3allii MOCTaBICHHOM

TEJTH.

HeBo3MOXHO B OJHOM HCCIIEIOBAHUHU PEIIUTDH JAJEKO pa3HEceHHbIE 3a1auu. OHH

JIOJHKHBI KOHKPETU3UPOBATH 11€7Th UCCIIEA0BAHNS, 33]]aBaTh PAMKH.

5. BelABMKEHUE THTIOTES

['umore3a - Hay4HOE TPEINOI0KEHNE O COCTOSIHUM 00BEKTa, O CTPYKTYpE CBA3EH

MEXKIy COCTaBJISIONIMMH €ro 3JieMeHTamMHu. Eciu 1enb uccienoBaHus - 3TO

BOIIPOC, TO THUIOTE3a - MPEANoaraeMblii OTBET Ha 3TOT Bompoc. B mporecce

WCCJICIOBAHUSI THUIOTE3a MOXKET TMOATBEPIUTHCS, a MOXKET OMPOBEPTHYTHCA.

['maBHBIE TpeOOBaHMS K TUIOTE3€ - HayyHass OOOCHOBAHHOCTb, COOTBETCTBHE

paHee yCTaHOBJICHHBIM (paKTam, MPUHIMIHAIbHAS TIPOBEPSIEMOCTb.

6. UuTepnperanusi NOHATUN

WuTepnperanusi TOHATHIA - MpoIeaypa HUCTOJIKOBAHUS, YTOYHEHHS CMbICa

MOHSTHM, COCTABJISIFOIIMX KOHIIETITYJIbHYIO CXEMY HCCIICJIOBAHUA.

[Tocne Toro, kak paspaboTaHa MporpaMma, CJleIyeT MPUCTYNHUTh K pa3paboTKe

WHCTPYMEHTApUs HCCIEAOBAHUS, COOTBETCTBYIOIIETO BBIOPAHHOMY METOMY

cbopa uHpopMaluu.

CO6op HayuHO# uHpOpMAIIH

1. OnpeneneHrie OCHOBHBIX UCTOYHUKOB Hay4yHOU WHGOpMAIUH.

2. N3yuenue n1urepaTypsl.

PaGoras ¢ muteparypoii, obparaiite BHUMaHHE Ha CIEAYIOIIee:

1. O61yr0 XapaKTepUCTUKY O0JaCTH UCCIIETOBAHUS

2. Knaccudukaiyio OCHOBHBIX HANpPAaBICHWH HMCCIICIOBAaHWN B JIAHHOW 00JIaCTH,
MPAKTUYECKH HUCIOJb3yEeMble U  HaxoJslIMecss B CTaguu Pa3pabOTKU
HaIpaBJICHUS

4. Pa3znuuHble TOYKU 3pEHUS HA pa3pelieHre mpooaemMbl
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3. Pe3ynbrarhl  CyIIECTBYIOIIMX  MCCIEIOBAHUA MO  KaXAOMY  pas3ieny
KJ1acCU(UKAINU, TIO UCTIOJIB3YEMOMY METOTY,

4. IlpumeHsieMbIil HAy4YHBIN anmnapar.

[Tpu pabGoTte ¢ nmuTepaTypoit yn00HO MOJIH30BATHCS KApPTOUKAMHU

(xoMMbIOTEpHBIMH (ailiaMu), B KOTOPhIE TOMUMO OUOIHOrpaduuecKux JaHHBIX

BKJIFOUAETCSl KpaTKasi aHHOTAIMSI CTaThU UM KHUTH, Ballle OTHOILIIEHUE K HEM,

BO3MOHOCTbH MCTOJIb30BaHuUs B paboTe.

[IpocMoTpuTe BCIO U3BECTHYIO JIMTEPATYPY IO Ballleid TeMe U COCTaBbTe (hailibl,

MOTOM TEPEXOUTE K MOJPOOHOMY M3YyUEHUIO OTOOPAaHHBIX UCTOUYHUKOB.

JlenaiiTe MOMETKHU W 3aMeuaHus B (aiiax.

C 0CTOpOXKHOCTBIO OTHOCUTECH K uTaTtaM. CoOpaHHy0 UH(DOpMAIIIO

rpynnupyiTe mo riaaBam, naparpadam u pasznenam. Y 100HO TOJIB30BAThCS IS

ATHUX IIeJIeH OTJEIbHBIMH MarKaMu.

Hanucanue u opopmiieHne Hay4YHbIX padoT

OO0mumMu TpeGOBAHUSIMHU, TIPEIABIBISIEMBIMHU K CTYIEHYECKOW HAydyHOU padoTe,

SABJISIFOTCSL:

1. YeTKOCTh TOCTPOEHHUS, JIOTHUYECKAas IOCIEN0BATEIbHOCTh HM3JaraéMoro
MaTtepuana

2. YOenautenbHas apryMeHTaIusi, KpaTKOCTh M TOYHOCTH (HOPMYJIHPOBOK,
KOHKPETHOCTb H3JIOKEHUS PE3YJIbTaTOB PabOThI, YOEAUTENbHOCTh BBIBOJIOB U
000CHOBAaHHOCTh PEKOMEH AU

3. IIpakTUueckas 3HAaUMMOCTh

4. TumaTenbHOCTh U aKKYpPaTHOCTh O(OPMIICHUSI.

CTpyKTypa CTy/IleHYeCKOW HayYyHOU paOOThl aHAJIIOTMYHA CTPYKTYpE AUIIOMHOU

U KypCOBOM pabOT U COJCPIKUT:

l. TuTynbHBINA TUCT

2. Pedepar

3. OT3bIB HAYYHOTO PYKOBOJUTENS

4. Conepxxanue
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5. Ilepedenn cokpalieHui, YCIOBHBIX 0003HAYEHU, CUMBOJIOB, SIUHUIL U
TEPMUHOB

6. Beenenue

7. OcHOBHas 4acTh

8. 3aKilfoueHHe

9. Cnucok UCIoIb30BaHHBIX UCTOYHUKOB

10. ITpunoxxenus.

TutynpHBIA TUCT OpopMITSIETCS, KaK JJIsi KYpCOBOM pabOThI, TOJIHKO BMECTO

«KypcoBasi paboTa» CleayeT MUcaTh «Hay4YHas paboTay.

OT3bIB HAYYHOTO PYKOBOJUTENSI BXOJUT B CTPYKTYPY pabOTHI U OpoIlItopyercs.

OT3bIB cienyeT opOpMIISTh B COOTBETCTBUU C TPEOOBAHUSMU 1O O()OPMIIEHUIO

JTUTUIOMHOM paboThI

[TpunsTHIE B HAyYHON pabOTE MaTOPACIPOCTPAHEHHBIE COKPAIICHHUS, YCIOBHBIC

0003HAYECHUS, CUMBOJIbI, SMHUIIBI U CTIEIIU(PHUUECKUE TEPMUHBI JTOJKHBI OBITh

MIPEICTABJICHBI B BUJIE OTAEIBHOIO CIHUCKA.

OcHoBHAas1 YacThb pabOTHI JOHKHA OTPAXKATh CIIECAYIOIINE dTAIIbL:

1. Be16op HampaBiieHHsI HCCIIeIOBAaHUN

2. TeopeTnueckre UM 3KCIEPUMEHTAIbHBIE UCCIIEIOBAHUS

3. O6001IeHnEe U OIICHKY PE3yIbTaTOB UCCIEIOBAHUS.

B cooTBeTCTBHM ¢ TEPEYUCICHHBIMU STalaMd B OCHOBHOM YacTu pPaOOThHI

HEOOXOJIUMO OTPA3UTh CIEAYIOIIEE.

O6ocHoBaHMe BbIOOpPA TMPHUHATOIO HANPABIEHUS HUCCICIOBAaHUSA, METOJbI

pellleHrs 3a/ladyil MX CPABHUTENBHYIO OIIEHKY, pa3pabOTKy oOIell MEeTOTuKU

MPOBEJICHUSI HAYYHBIX HCCIENOBAaHUM, aHAIM3 W 0000IIEeHHE CYIIECTBYIOIIUX

pPE3yIBTaTOB.

XapakTtep U COAEp)KaHHME TEOPETUYECKUX  HUCCIENOBaHUM, 00OCHOBaHME

HEOOXOJIMMOCTH TPOBEJECHUS AKCIIEPUMEHTAIBHBIX Pa0OT ISl MOATBEPIKICHUS

0COOBIX TMOJIOKEHUM TEOPETUUECKUX HCCIEIOBAHUIA UM TIOTYyYEHUSI KOHKPETHBIX

3HAYEHWI  MapaMeTpoB, COIOCTaBICHUE  PE3YJIbTATOB  HAKCHEPUMEHTA C

TCOPCTHUICCKUMU HCCICAOBAHUAMMU.
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OO6001IeHNe U OIIEHKY pPe3yJIbTaTOB HMCCIIECIOBAHUM, BKJIHOYAs OIEHKY ITOJTHOTHI
pElIeHUs] TOCTABJICHHOW 3a/1a4i U MPEJIOKEHUS 10 JATbHEUIIUM HaIpaBiIeHUSIM
paboT, OLIEHKY JIOCTOBEPHOCTU TMOJYUYEHHBIX PE3YyJbTATOB M WX CPaBHEHHE C
AQHAJIOTUYHBIMUA ~ pE3yJIbTaTaMU  OTEUECTBEHHBIX U  3apyOexHBIX  paldor,
000CHOBaHME HEOOXOAMMOCTH TIPOBEACHHS JOMOJTHUTEIBHBIX HCCIIEI0BaHUH,
OTPUIIATENLHBIE PE3YJbTAThl, MPHUBOJANINE K HEOOXOJUMOCTH TMPEKpalIeHUsS
IaJIbHENIINX HCCJICIOBAHUM.

O0bem HaywyHoi paboTel - g0 10 cCTpaHWIl MAITMHOIMCHOTO TEKCTa,
BBIMIOJIHEHHOTO 4Yepe3 1,5 MEeXKCTpOUYHBIX HHTEpBaia.

IlpeacraBienne pe3yabTaTOB HCCJIEIOBAHUS

1. Hanncanue crarei.

2. YyacTtre B KOH(PEPEHIIHUSX.

OBIIUE PEKOMEH/JAIINUA 11O PABOTE HA/I HAYYHbBIM
NCCIEJOBAHUEM

Hanucanue Hay4yHoil paGoThbI.

Hayunas pabora pAopKHA TIOKa3aTh Ballle YMEHUE CXaTo, JIOTHYHO U
apryMEHTHUPOBAHO H3jaraTh MbICH. [loaToMy noGeiTech, YTOOBI MEXTY TllaBaMu
u mnaparpadamu YETKO TpPOCMATpUBAJACh CBs3b, ObUIA BBISBICHA JIOTHKA
uccinenoBanus. Kaxaplii Te3uc nomkeH "paboTtaTh' Ha KOHEUYHBIA pE3yJbTarT,
00OCHOBBIBasl, JOKa3biBasi €ro OOBEKTUBHOCTh M HeobOxoaumocTs. [lpu
HAITMCaHUM TEKCTa 3ajaaBaiite cebe Bompoc: "HyxkeH nu 3TOT maTtepuan Jyis
pelieHus: NOCTaBIeHHOW 3a1aun?".

B pabGore nomkHa OBITH J[OKa3aHa HOBH3HA TMOJYYEHHBIX pE3yJbTaTOB IIO
CPABHEHUIO C UMEBIIMMHUCS HCCIEAOBAHUSIMU.

Jlymaire 0 mpeaMeTe UCCIEeN0BaHUs ITOCTOSHHO.

Hauunaiite nmucath, Kak TOJIHKO HAKOIUIEH MaTepual MO Oo4YepenHoMy mnaparpady
Wiy pazneny. Mcnonb3yuTe HeineBou Moaxo, T.€. ONPEACIIUTe [elb, pe3yabTaT, K
KOTOpOMY Bbl JOMKHBI mpuitH. Cdhopmynupyiite mNpuMepHbIE BBIBOIBI.

CocraBbTe 1an naparpada.
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Ha nepBbix nmopax nucate Oynet Henerko. O4eHb TPYJHO MEPEHOCUTh MBICIH Ha
Oymary, noaoupats cioBa. He Hamo MHOTO BpeMeHU TPaTUTh Ha (YOPMYITHPOBKH,
MOMEHbIIIe OOpalaiiTe BHUMaHUsI Ha JIMTEPaTypHYIO cTOopoHy. Bwl emé He pas
BEPHETECHh K HAYAIIy U 10 XOJy JIeJia YIYUIINTE CTHIIb BAIIErO M3JI0XKECHHUS.
Bri6bupaiite 3Hakombie BceMm cioBa. Crapaiitech crenatb ¢pasbl TPOCTHIMH H
SACHBIMH, TeM Ooyiee, UYTO TMHUCaTh TakUM OOpa3oM 3HAYUTENBHO JIeTdye.
Hcnonb3yiiTe OOMICTIPUHATHIE B HayKe S3bIKOBBIE 000pOThL. [lpuyumnte cebds
MOJIb30BaThCs Oe3MUyHON (HOpMOii M3IOKEHHS; "B HAy4YHOU padoTe joka3aHo", "B
pe3ysibTaTe MOKHO TONMy4YuTh'. B HaydHOUW nuTepaType MPUHATO MOJIb30BATHCS
MecroumenneM "Mbl"; Mmecroumenue "A" He ucnonbzyercs ("Mbl cuntaeM’, "Mbl
noka3piBaeM", "Mo HaleMy MHEHHUIO" U T.I1.).

Kak mpaBuiio, BeI3BIBAE€T TPYAHOCTH Hadano paboTsl. [loatomy "mms pazmMubku"
HAJI0 TIOTPATUTh HECKOJIBKO MUHYT HA MOBTOPHOE MPOYTEHHE paHee HAITMCAHHOTO
MaTepuaia U ero KOpPpPEeKTHUpOBKY. BriOupaiite ynoOHbie wackl paboTel. He
3a0bIBaiiTe 00 OTIBIXE.

OO6s13aTenbHA CChITKA NP UCIIOJIB30BAHUH UYKUX MaTepUATIOB.

3amaBaiiTe BOMPOCHI MO UCCIECTOBAHUIO HE TOJIHKO HAYYHOMY PYKOBOIMTEIIO, HO
W JIpYyruM TpernojaBarensiM. MX OTBEThI MOTYT HAaBECTH BaCc Ha WHTEPECHBIC

MBICJIN U UACH.

MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJIMHbI

1. Jlekumonnsie ayautopuu J1-201, J1-207

2. Chenuanv3upoBaHHas ayJIuTOpUs - JlabopaTopus MaTEpHUAOBEICHUS C
OTIIEJICHUSIMU: MakKpo- U MHUKpoaHanu3a - J[-205, mexaHudeckux ucnbiTaHui Jl-
109, TepmooOpadoTku [-106.

3. O6opynoBanue:

* KOMIUIEKT Y4eOHO-HArJSAHBIX TMOCOOMIA: TUTAKaThl B AJIEKTPOHHOM BHJE IO

pa3IM4HbIM TEMaM, KOJUICKIHHU PA3JIMYHBIX MAaTCPHAJIOB, y‘-Ie6HI)Ie KI/IHO(l)I/IJ'IBMI)I
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* KOMIUIEKThl 3aroTOBOK, MOJIYYEHHBIX Pa3IU4YHBIMH METOJAMHU: MPOKATKOM,

MIPECCOBAHUEM, BOJIOYEHUEM, KOBKOHM, pa3IUYHBIMM METOJAMH IITAMIIOBKH,

JIUTHEM, TTOPOLIKOBOW METAJUIyprUer, CBaApKOM.

* Habopwl JeTaied W y3J0B MAaNIMHOCTPOUTEIHHOTO HA3HAYEHUS, DJIEMEHTHI

KOHCTPYKIIMU JIETATENIbHBIX ANNapaToB; PEXYIIHA HHCTPYMEHT

* 00paslbl MaTepualioB M HEMETAUIMYECKHMX MATEepPUAIOB, KOMIIO3UIIMOHHBIX

MaTepuaioB

Texuuyeckue cpencrsa oOy4eHHS:

* UnrepaktuBHas nocka TRIUMPH BOARD (Projection) 78" mpsmoi
MPOEKIUHU

 IIpoextop Epson EMP 1810 (/1-201)

 IlepcoHanbHbI KOMIBIOTEP - 3 WIT., OCTYyM K MHTEpHET

* DnexkTpoHHas 6ubnmoTeka, 1octyn K MHTepHET
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CriernanbHoe 000pyIOBaHUE JTAOOPATOPUN MATEPUATOBEICHUS JIJISl BHITTOJIHEHUS

1abopaTopHBIX padboT

MaKpo- ¥ MUKpPOILIHU(HOB

HaumenoBanue o60pyoBaHUs Mogenb

1. Kommekce meramorpadudeckuit mudpoBoi Anpramu MET
BapuaHT 1

2. Ckanep Epson Perfection
VI00 Photo s/n
J8SW027315

3. ®oroamnmapat 1udpoBoi Canon A-550

4. Jlynbl pa3iMyHOrO YBEIUYEHUS Il MAKpOAHAIN3a

5. Muxkpockon [uisi MakpoaHaiausa MBC-9

6. Mukpockon MeTasiorpaguueckuii 2 miT. MUM-7

7. Mukpockon MeTaJIorpaguuecKuii -2 ImiT. MHUM-8

8. Ileun nmabopaTopHas mydenabHas CHOJI- 1100,P=3
kBT, f =501

9. TBepmoMep s wucHbITaHus Ha TBEpAocTh 10 | Th-5004

bpunennto

10. Tépmomep nns wucnbiTanus Ha TBEpAOCTH 1o | TP 5006

Pokseiuty

11.  VYcranoBka nmns uudoBaHUS U TMOJTUPOBAHUS

12. Habop XMMHYECKOH MOCYIbI

13. Habop XMMHYECKHX PEaKTUBOB

14.  Coupt 3TUII0BBII

15. OcnHacTka ajsi IpoBeIeHUsT TEPMOOOPAOOTKH
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[Tpunoxenue 1

MUHUCTEPCTBO OBPA30BAHUSA 1 HAVKH POCCUNCKON ®EJEPALINA
denepabHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTelIbHOE YUPEXKICHHUE BBICILIErO 0Opa30BaHUsI

«/lanbHeBOCTOYHBIN (peaepaibHbI YHUBEPCUTET)
(ABDY)

HA3BAHUE IIKOJIbI (PUJINAJIA)

YYEBHO-METOJUYECKOE OBECHEYEHUE CAMOCTOSTEJBHON
PABOTBI OBYUYAIOIIUXCSA
1o JucUuILIuHe «MaTtepuajioBeaeHne»
CnenuaabHocTb 24.05.07 Camos1€T0- 1 BepTOIETOCTPOCHHE
Crneunanuzanust «BepTon€rocTpoeHue

dopMa NMOAroTOBKH 0YHAN/ 3204HAA

ApceHbeB
2017
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CamocTosTenbpHas paboTa cTyieHTa cocTaBiuser 72/ 126/ 56 yac. u BKIIIOYaeT B ceds

BBIIIOJIHCHHUC CICAYIOINNX BHIOB pa60T:

CaMOCTOSITENIbHOMY M3y4eHHio - 12/ 94/ 34uac.

2. PaboTa ¢ JeKIIMOHHBIM MaTEPHUAJIOM U JIUTEPATypPOU IpU MOATOTOBKE K

MIPOBEJICHUIO JIAOOPATOPHBIX paboT M ux 3amure -S5/3/3 yac.

3. Pabora ¢ neKiMoHHbIM MaTepuaIoM M JIMTEPaTypor MpHU MOATOTOBKE K

MPaKTUYECKUM 3aHATHUSIM U UX 3amute -5 1 -1 - yac.

4. BoinoyiHeHHE KOHTPOJIBHOM paboThI - -/ 20/ 20

4. BreinonHeHrne Hay4HOU paboTh - 23/- / - yac.

4. TloaroToBka K 3k3ameny - 27/ 9/ 9 yac.

1. PaGotra ¢ HayuyHOW JnuTEpaTypoll MpU H3YyUYEHUU TEM, MPEAHAZHAYCHHBIX K

Ilnan-rpadguk BbINOJHEHUS CAMOCTOSITE/ILHOI padoThI MO IUCHUILIHHE

Ne Hara/cpo Buz camoctosTensHOM paboThI [Ipumep- dopma
n/n KU HBIC HOPMBI KOHTPOJIS
BBIIOJIHE BpEMEHH Ha
HHS BBINOJIHE-
HHeE, Jac.
1 PaGota ¢ HayuHOUW nuTeparypoil TpH W3ydeHUH TeMm, | 12/94/34
MPeIHA3HAYEHHBIX K CAMOCTOSTEIIPHOMY M3yUYEHHIO:
1.1 2 mepenss | Monayas 1. Paznen . 1/8/3 KoHnTpois
Tema 3. Kpucramndeckue u aMmopgHbIe Tela. KOHCIIEKTA
[TapaMeTpbl KPUCTAIIMUECKUX PEIIETOK METAJUIOB OK3aMeH
12 4 wenens | Moayns 1. Paznen II1. 1/8/3 KoHnTpois
Tema 2. IIporneccel Bo3BpaTa U MOJUTOHU3ALINHN B KOHCIIEKTA
CIIJIaBax OK3aMeH
13 6 nenenss | Monayns I. Pazgen IV. 1/8/3 ammra
Tema 1. JluarpaMMbl COCTOSTHHUS CILIaBOB C paboTHI
MEPUTEKTHUECKUMHU TPEBPALICHUSIMU
1.4. 7 nenenss | Monayns L. Pazgen IV. 1/9/3 ammra
Tema 2. JluarpaMMbl COCTOSIHUSI CUCTEMBI, 0Opa3yromeit paboTHI
XHMHYECKOE COEIUHEHNUE
1.5 9 menenss | Monyns L. Pazgen V. 1/8/3 KoHnTpois
Tema 2. YriaepoaucTbie CTAIN U YYTYHBI KOHCIIEKTA
Ok3aMeH
1.6 | 11 megens | Monyins 1. Paznen VI 1/ 10/4 KoHnTpois
Tema 1. MapTeHCUTHOE MPEBpAIICHHE, €T KOHCIIEKTA
0COOEHHOCTH, BIUSHHE JIETUPYIOLINX JIEMEHTOB Ha DK3aMeH
MapTEHCUTHOE TPEBpaICHHE
1.7. | 13 wenens | Monayns 1. Pa3nen VI. 1/ 10/4 KonTtpons
Tewma 3. KOHCIIEKTa
HNonHas XxuMuKo-TepMHuueckass oOpaboTka 3amura
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paboThl

1.8. | 14 nenens | Monyins II. Paznen 1L 1/9/4 KoHnTpois
Tema 2.MHCTpyMEHTaIbHBIE CTANIM U CIUIABHI, WHTEIJIEKT-
COCTaBUTb MHTEIJICKT-KapTy KapThl,

3almTa
paboThI

1.9. | 15 nenens | Monyas II. Paznen IV. 1/8/3 KonTtpons
Tema 3. AuTudpukunoHHble MaTepuaibl. CIUtaBbl Ha HHTEIICKT-
OCHOBE ITMHKA W JIFOMUHHUSL. KapThlL.
CocTaBUTh UHTEIUIEKT-KapTy 3aImTa

paboThl

1.10 | 16 vemens | Monyns II. Paznmen V. 1/8/3 OK3aMeH
Tema 1. Tepmo- U TEPMOPEAKTOIIIACTHI, UX PUMEHEHUE
KaK aBUAIIMOHHBIX KOHCTPYKIIMOHHBIX MaTEpUAIOB

1.11 | 17 vepgens | Monyns II. Paznen V. 1/8/4 KoHnTpois
Tema 2. PeaunoBsle MaTepuaisl. JlakokpacouHble HHTEIICKT-
matepuansl. Kien. I'epmeruku. [Ipumenenue B KapThl.
aBUACTPOCHUU 3aImTa
CocTaBUTh MHTEIUIEKT-KapTy paboThl

2 Pabora ¢ JeKIIMOHHBIM MaTepUaIoM U JUTEPATYpOl MpH 5/'3/3
MOJITOTOBKE K BBIMIOJHEHHUIO JIAOOPATOPHBIX PabOT U MX
3aIIUTe:

2.1 6 nenens | Jlabopatopnas padora Ne3. 1/ 1/1 3amura
VcnpiTaHus aBUAlIMOHHBIX MaTEpUaoOB Ha TBEPAOCTh padoThI
o merony bpunenns.

2.2 | 8 muemens | Jlaboparopnas pabota No4. 1/ 1/1 3amura
VcnipiTaHus aBUAIIMOHHBIX MaTepUaliOB HAa TBEPAOCTh padoThI
o merony Poksenna.

2.3 | 10 uenens | Jlaboparopnas pabota NoS. 1/1/1 3amura
HccnenoBanue MUKPOCTPYKTYPBI U CBOMCTB CTalH B paboThI
PaBHOBECHOM COCTOSIHUU U HCCIIEIOBaHHE BOMPOCa
BJIMSIHUSL COAICPIKaHUS yIiiepoJa Ha CTPYKTYpY H
CBOMCTBA YIJIEPOJUCTON CTaIU

24 | 12 menens | Jlaboparopnas pabota Ne6. 11-1- 3amura
TepmoobpaboTka craneil. ccnenoBanue BAUSHUS paboThI
TEpMOOOPaOOTKH Ha CTPYKTYPY M CBOWCTBA CTaJICH.

2.5 | l4uenens | Jlaboparopnas pabota Ne7. 11-1- 3amura
HccnenoBanue BIUSHUS TEPMOOOPaOOTKU U paboThI
MOIMGUIIMPOBAHNS Ha CBOMCTBA CIJIABOB HA OCHOBE
QTIOMUHUSL.

3 Pabora ¢ JeKIIMOHHBIM MaTepHUajIoM U JUTepaTypou Mpu 51-1-
MOJTOTOBKE K BBIIOJHEHUIO MPAKTUYECKUX PA0OT M HX
3alIUTe:

311 1 nenens | 3anmsitue 1. Cucrema opraHuzauMu TpyJa, MPUHLUIBI 0,5 BricTymien
dbopMHUpOBaHHUS HABBIKOB CAMOCTOSITENILHOW pabOTHI. ue Ha
Hayunble uccnenoBanus B 00JIaCTH MaTepHaIOBEICHHS. Hay4YHOU

KoH(epeHIt
nn

3.1 3 menens | 3anstue 2. Opranuzainus U IJIaHUPOBAHUE MPOBEICHUS 0,5 3amura
1 00pabOTKH pe3ynbTaTOB MaKpoO- U MUKpOAaHaIHM3a paboThl,
MaTepHaJioB JeTalell MalllH U 3JIEMEHTOB 9K3aMEeH
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AdBHAIIMOHHBIX KOHCTPYKHHﬁ.

32 5 nenens | 3ansarue 3. PaGora mo ueprexam aBUAlIMOHHBIX 1 3amura
JeTaJICH. paboThl,
9K3aMeH

33 7 venens | 3anarue 4. AHanM3 AMArpaMMbl COCTOSTHUS JKeJ1e30- 1 3amura
LEMEHTUT, mpaBuio (a3. [locTpoeHne KpuUBbIX paboThl,
OXJIaX/ICHUSI. 9K3aMeH

34 | 9menens | 3amsarue 5. HomeHkimaTypa MAaIlIMHOCTPOUTENBHBIX H 1 3amura
aBUAIIMOHHBIX MaTepuaioB. CucteMa U MPUHIMIIBI UX paboThl,
MapkupoBku. OCHOBBI ~ NPUHIMIIOB PAlMOHATBHOTO 9K3aMeH
BbIOOpa KOHCTPYKUMOHHBIX U  HMHCTPYMEHTAIBHBIX
MaTepHaoB, TIPUMEHSEMBIX B aBua- u
MAIIMHOCTPOCHUH, TEXHOJOTHM WX  YHIPOUHSAIOUIEH
00pabOTKHU U 3alUTHI OT Koppo3un. Pemienue 3agay.

3.5 | 11 wepenss | 3amstue 6. Kpurtepun panuoHampHOrO  BBIOOpA 1 3amura
MaTepuanga, Ha3HAYEeHUS €ro TepMooOpabOTKH s paboThl,
noiny4yeHus TpeOyeMoill  CTPYKTypbl U CBOIICTB, 9K3aMeH
o0ecreynBaIIuX  JIOJTOBEYHOCTh W HAJEKHOCTh
AJIEMEHTOB aBHALIMOHHBIX KOHCTPYKIMH B KOHKPETHBIX
YCIOBUSIX

4 | B TeueHue | BelmmosiHEeHHE KOHTPOJIBLHOW PabOTHI -/ 20/20 | 3ammura

MeXKCeccu paboThl,
OHHOTO 9K3aMeH
nepuoja

4 1 - 18 | BemmonHenue Hay4HOU pabOThHI 23/-/- Brictymuie-

Heemns HucHa
Hay4YHOU
KoH(pepeH-
[IUH

4 [TonroroBka K 3K3aMeHy 27/9/9 OKk3ameH
Uroro: 72/126/56

gac.

PexoMeHganmMu mo caMoCToAATeIbHOM padoTe CTYIEeHTOB

HOI[FOTOBKa OpPraHru30BaHHbLIX, HWHHUIHWATHBHBIX MW CaMOCTOATCIIbHBIX

BBIITYCKHUKOB,

IMPOABJIAIOININX OTBCTCTBCHHOCTD,

LENICYCTPEMIICHHOCTh U

WCIIOJIHUTEJIBHOCTh IIPU PELICHUU MOCTABJICHHBIX I€PE] HUMU 3a]a4, SIBJISICTCS
OCHOBHOM 3ajauell BbICIICH MmIKOAbL. [Ipu 3TOM mporecc 0OydeHHs MOKHO

pa3OuTh Ha JBE OCHOBHBIE 4YacTH. B mepByro BXoauT oOyueHue,

OCYIICCTBIIICMOC  HCIIOCPCACTBCHHO  IIPCIIOAABATCIICM: YTCHUC J'IGK].IHfI,
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MPOBEJICHUE MPAKTUYECKUX 3aHATHUM, JIa0OPAaTOPHBIX PadOT M KOHCYJbTAIlUH.
Bropyto m He MeHee BaXXHYI0 YacTh COCTaBISIET CaMOCTOATEIbHas padoTa.
CamocTtosTenbHas  paboTra  sBISETCS  OCOOBIM  BHUJOM  COBMECTHOM
JeSITEIbHOCTH CTY/IEHTA W MPEnoiaBaTesl.

[lenpio camocTosITENHEHOM PaOOTHI TAK K€, KaK M MPH MPOBEJICHUH ayAUTOPHBIX
3aHATHM, SIBISETCS (OPMUPOBAHUE Y CTYJIEHTOB KOMILIEKCA 3HAHUM, YMEHUH U
HAaBBIKOB ~ TIO0  JIUCIUIUIMHE «MarepuanoBeieHUE). Panmonanbnoe
TUTAHUPOBAHUE ATOTO BHUJA OOpPA30BaTENIBHOTO MPOIECCa MO3BOJIUT M30eKaTh
OyOnMpOBaHUS B U3YYEHUU TUCIUIUIMHBI, CO3/aTh ONTHUMAJIbHBIE YCIOBHS IS
OBIIQJICHUSI HAaBBIKAMU CaMOOOYUYEHHUSI Ka)XJbIM M3 CTYJEHTOB M pealn3alluu
MMU CBOET0 BHYTPEHHETO MOTEHIIHAIA.

3amayamMu, pealin3yeMbIMH B XOJI€ BBIMOJHEHHUS CaMOCTOSTEIbHON padOTHI,
SBJISTFOTCSI:

1. [IppoOperenne  CTyJeHTAaMHM  HOBBIX  3HAHMW W yMeHuMd  0O€3
HEMOCPEACTBEHHOT'O YYaCTHsl B 3TOM TpoOIlecce MpernoaBaTenien

2. BO3MOXXHOCTh CaMOCTOSITETILHOM OPUEHTAIIMH B HAyYHOU MHMOpMALIUU

3. Or6op u HakoIUIeHHE MPOQPECCHOHATBHBIX 3HAHUHN, (OPMUPOBAHUE YMEHUU
Y HaBBIKOB, BbIPa0OTKa Ha 3TOH OCHOBE COOTBETCTBYIOIINX KOMIIETEHITUI.
Opranu3zaliuoHHbIE MEPONPUITHS, 00ECIIEUNBAIOIINE HOPMAJIHLHOE
(GYHKIIMOHUPOBAHNUE CaMOCTOSATEIBHON paOOThI CTY/I€HTA, OCHOBBIBAIOTCS HA
CJICYIOIUX TPEIMTOCHUTKAX:

1.  CamocrosTenbHas paboTa 10JKHA OBITh KOHKPETHOM MO CBOEH
MIPEeIMETHOM HampaBlIEHHOCTU

2. CamocTtosaTenbHas paboTa J0KHA COMPOBOXKIAATHCS I(D(PEKTUBHBIM,
HENPEPHIBHBIM KOHTPOJIEM U OLIEHKOW €€ pe3yJIbTaToB.

MeTonuyeckue ykazaHHUsSl 10 CaMOCTOSITENIbHON paboTe MOMOTYT CTYyJEHTaM,
M3YYAIOIIUM JaHHYI0 TUCIUIUIMHY, B OpraHu3aiuu HauOonee 3(PQpeKTUBHON

pa60TI>I ITPHU YCBOCHHUHN BCCX BHIOB BaHHTI/If/'I, HCIIOJIB3YCMBIX B JHCHUIIINHC.
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Wzywyas gucummiuHy «MarepuaioBefieHHe», CTYACHTbl 3HAKOMSTCS C
OOJNBIIUM  KOJMYECTBOM HAYYHOW JUTEPATyphbl, BKIIOYAIOIICH Y4EOHUKH,
y4eOHbIE TOCOOMS, KOHCHEKTHI JICKIMM, CTaThbh. Takas CaMOCTOSTEIbHAS
pabota CrmOCOOCTBYET TMOHHUMAHHIO W  OCMBICIICHHIO TEOPETUYECKOTO
MaTepuaa U MOAr0TaBIMBAET K BBHIMOJIHEHHUIO JIAOOPATOPHBIX M MPAKTUYECKUX
3aHATUM.

Ha ocHoBe monydeHHBIX paHee 3HAHMNA MO JUCIUIUIMHE CTYICHTaM TaKxkKe
JaeTcsi BO3MOXKHOCTh HaWTH CaMOCTOSITENTILHO KOHKPETHBIE CIIOCOOBI PElIeHUs
3a/a4 MPUMEHHUTETHLHO K YCIoBHAM 3ananus. CamocTosiTeNibHas paboTa 3TOro
TUIIA CO3/IaeT MPENOCHUIKH NS JajbHEHIIeld TBOPUYECKON paboThl CTyACHTA.
K rakoit Qopme caMocTOATENbHOW pabOThl OTHOCUTCS  BBINIOJIHEHUE
WHAVBUAYATbHBIX 3a/laHUi U cAada TecToB. CaMOCTOSTENbHOE pEIIeHUE 3a/1a4
M0 JWCIMIUIMHE MMOKa3bIBAE€T YPOBEHB MOATOTOBIEHHOCTH CTYJAEHTOB. OTBETHI
HAa TECTOBBIC 3a/laHUi AKTUBU3UPYIOT, 3aKPEIUIIOT U KOHKPETU3UPYIOT
TEOPETUYECKUE 3HAHUS, TMONy4YEHHbIE CTYJECHTAMH Ha JIEKIUAX U TMYyTEM
CaMOCTOSITENTFHOTO M3yYEHHUsl CHEIUAIBHON JTUTEPaTyphI.

Tembl, KOTOpBIE CTYIEHTHI JOJDKHBI H3YYUTh CAMOCTOSITENIBHO, a TaKke
WUCTOYHUKU JIUTEPATYPHl JIEKTOP 3aUYMTHIBAET CTYJCHTAM B KOHIE KaXKIOU
nekimu.  [lo  ycBOEHHOMY  CaMOCTOSITENIBHO ~ MaTepuany  CTYJCHTHI
OTYUTHIBAIOTCS TPU CJa4y€ TECTOB MPOMEKYTOUHOTO KOHTPOJIS, a TakkKe MpH
UTOTOBOM KOHTPOJIE Ha DK3aMEHE.

[To mucrumnne «MarepuaioBeIeHHE» MPEyCMOTPEHO TPOBEICHUE
MPAKTUYECKUX  3aHATHWA. [ TOATOTOBKM K  3aHATHSM  CTyJEHTaM
PEKOMEHIYETCS MPOYECTh COOTBETCTBYIONUIYIO JIUTEPATYPY MO TEOPUU JAHHOTO
3aHATHUS, a 3aTe€M OTBETUTh Ha BOMNPOCHI, TPUBEJIECHHBIE B METOJAMYECKOM
nocoouu, pa3pabOTaHHBIM MJIs JAHHOTO Kypca. B sTom mocobunm umeroTcs
KOHTPOJIbHBIE ~ BOMPOCHI MO  KaxjaoMmMy 3aHsaTuio. g 3akpersieHus
TEOPETUYECKOT0 MaTepuaia M B IIeJIIX Pa3BUTHUA NPAKTUYECKUX HABBIKOB

CTYACHTHI Ha IMPAKTHUYCCKHUX 3aHATHAX IIOJIYYar0OT MHAWNBHAYAJIBHBIC 3aJaHUA B
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BUJIE 3a7a4, COAEPKALIUXCS B METOAUYECKUX YKa3aHUSAX IO MPOBEICHHIO
npakThuyeckux 3aHaThil. [lo pemeHuto 3amad CTyAEHTHbl OTYHMTHIBAIOTCS Ha
OUYEpPEHOM IPAKTUYECKOM 3aHATHM. [IpumMepsl 3aganuil 11l CaMOCTOSATEIbHOU
paboThI MO MPAKTHYECKUM 3aHSATUSM MPUBEIICHBI HIDKE.

[lo nucuumnuue  «MarepuanoBeeHHe»  MNPEAYCMOTPEHO  MPOBEACHHE
1ab0opaTopHBIX padoT.

JlaGoparopHbie pabOThl MPOBOASTCS B JabOpaTopuu MaTepHATOBEACHUS,
OCHAIIEHHOMN CIIEIUAIBHBIM 000pYyI0BaHUEM.

MarepuajioBeicHUE HMMEET SIPKO BBIPAXKEHHBIM MPUKIAAHOM XapakTep u
pacrmojaraeéT MHOTMMH METOJaMU U3YYEHUS CB3M  (DU3MKO-XUMUYECKUX
apaMeTpoB MAaTEPUAJIOB C UX TEXHOJOTMYECKUMU CBOMCTBAMHU.

TexHuueckuii  mporpecc, pelieHre 3aaad, CTOAIMUX Mepel  JIIOBIM
MPOMBINIJICHHBIM TPEANPHUITHEM, TPEOYIOT OT CHEIHMAIKUCTOB OINpPEAeTEHHBIX
3HaHMA B OOJIACTH MAaTE€pPUAIIOBEICHHS, YMEHUS PAlMOHAIBLHO HCIOJIb30BaTh
OOIIMPHYI0 HOMEHKJIATypy  MaTepuajoB, METOAbl WX  YIPOUHSIOMICH
00pabOTKH it JOCTHUKEHHSI HEOOXOIUMBIX HKCIUTyaTallMOHHBIX CBOWCTB
W3JCNIMM, 3alluThl OT KOppo3uu. [Ipu H3roTOBIEHMM U3AEIMM U UX
UCIIBITAHUSIX HA MPOU3BOACTBE IOCTOSSHHO JOJKEH MPOBOJUTHCA KOHTPOJIb
KadyecTBa MarepuaioB. JIIs 3TOro HCHONB3YIOT PSAJ METONIOB, K YHUCIY
KOTOPBIX, IPEXKJIE BCEr0, OTHOCUTCS MaKpO- U MUKPOAHAIIN3.

Hacrosimuii mabopaTopHblii MPAKTUKYM COCTOMT M3 CEMH JIaDOpaTOPHBIX
pabot. Ilepeuenr mabopaTOpHBIX pPAOOT COCTaBIEH HAa OCHOBAHHMU OIBITA
npenojaBaHusi Kypca «MarepuanoBeneHue», B COOTBETCTBUU C pabodyeit
y4eOHOM MporpaMMmoil  JUCHUIUIMHBI HW  TpeOoBaHUAMU  (eaepabHOTO
rOCy/IapCTBEHHOTO0 00pa30BaTENIBHOIO CTaHAApPTa BBHICIIETO OOpa3oBaHUs s
cnenuanbHocTh 24.05.07«CaMoN€T0 - U BEPTOJIETOCTPOCHUEY

JIaGoparopHbie pabOTHI MO TAHHOMY KypCy TMO3BOJISIT CTYJCHTaM NMPAKTUYECKU
OCBOUTH METOJIBl MHUKPO- WU MAaKpOaHAIM3a, H3YYUTh MHUKPOCTPYKTYpbl U

CBOMCTBA ABHAllMOHHBIX H O6HleMaHII/IHOCTpOI/ITeJ'II)HLIX crajed u CIINIaBOB,
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HAYYUTHCS BBIOUPATH MPABWIBHBIE PEXHUMBI TEPMHUYECKOW OOpPaOOTKH ISt
CTaJiel U CIUIABOB, O3HAKOMUTHCS C TEXHOJIOTHEN €€ mpoBeacHud. Kpome toro,
MOJyYUTh HABBIKM TPOBEACHHUS HAYYHBIX HCCIEAOBaHMA B  00JACTH
MaTepHaIOBEICHUSI.

Temaruka maGopaTopHbIX pabOT HaIpaBieHa HAa 3aKpeIUieHHe U yriayOJeHue
TEOPETUYECKUX 3HAHWM, MOTYUYEHHBIX CTYJACHTAMH Ha JICKIUSIX, HA MPOBEPKY
TEOPETUYECKUX TIOJIOKEHUN DKCIEPUMEHTAIbHBIM TMyTeM, Ha BBIPAOOTKY
YMEHHUI ¥ HaBBIKOB pabOTHI ¢ 000PYJOBaHHUEM, armmapaTypoud U Mpudopamw, C
MPAKTUKOW TUTAHUPOBAHUS U TIOJTOTOBKM JKCIEPUMEHTa, a TaKkKe €ro
00paboTKH.

Bcest aTa nesTenbHOCTh MO0 MOATOTOBKE M BBITIOJHEHUIO JIA0OPATOPHBIX padoT
obecrieunBaer (popmupoBanue obmenpodeccnonanbubix  OIIK-4, OIIK-6
KOMIETeHIMN 1 TipodeccnoHabHbIX kKommnerennui [1K-1.

Conepkanue paszielioB U HaMMEHOBaHHUE JIAOOPATOPHBIX pabOT MPUBEIEHBI B
pazzene «CTpyKTypa ¥ COJIEp)KaHHUE TMPAKTUYECKOM YacTh Kypcay.
Jluteparypa, rie MOXKXHO HAWTH MaTepHasl, HEOOXOIUMBIN /I MOATOTOBKH K

nabopaTopHOU paboTe, JaeTcs Mociae Kaxaou padoTh.

MeToau4yeckue YKa3aHUsl K BbBIIIOJHCHHIO BCE€X BH/I0B CaMOCTOSITEJIbHOM

padoThI, NMPeTyCMOTPEHHBIX MJIAHOM-TPaQUKOM

1. Pabora ¢ HayuyHOil ~ JHMTEpaTypOil pU U3YyUYEHUH TEM, IIPEeIHA3ZHAYECHHBIX
K CaMOCTOSITEJIbHOMY M3YUYEHHUIO.

[Ipu camocTosTensHOM paboTe ¢ HAydHOM JUTEpaTypoil 00s3aTelbHO BECTH
KOHCIIEKT, JI0O MPEACTaBIATh yUeOHBIH MaTepual B BHJIE WHTEIUIEKT-KAPT, TO
ecTb B BHUJE 0c000T0 crocoba 3amucu MaTepHaloB B BHJIC PAJAHMAHTHOWM
CTPYKTYPbI, TO €CTb CTPYKTYPbI, HCXOIALIEH OT LUEHTPA K KpasiM, OCTENIEHHO
pa3BeTBISIONICHCS Ha Ooyiee MeNKue 4YacTh. VIHTemIeKT-KapThl MOTYT

3aMEHUTh TPAJAMIMOHHBIM KOHCHEKT, TaOmuIbl, TpapuKd U  CXEMBL.

http://go. mail. ru/search?q=%D0%B8%D0%BD%D 1 %82%D0%B5%D0%BB
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%D0%BB%D0%B5%D0%BA%D 1 %82%20%D0%BA%D0%B0%D 1 %80%
D1 %82%D0%B0&gp=820339

Bce neno B ocobGeHHoOcTsix Hamiero wmbinuieHus. Hame wmpimuienne HE
OpraHM30BaHO KaK TEKCT, JIMHEWHO. OHO HMMEET UMEHHO TaKylO CTPYKTYpY:
BETBAILYIOCS, KaXJ0€ IOHIATHE B HAUIEH TOJOBE CBA3AHO C JIPYTMMH
MOHATHUSMHU, OTU JPYTHE TOHATHS CBA3aHbBl C TPETbUMU M Tak Jajee Jo
0ECKOHEUHOCTH.

Takas opraHusauus Marepuanga Has3blBa€TCsl MHOTOMEPHOW, paJWaHTHOM.
NMmenHo Takasi CTpykTypa HauOojiee OpPraHMYHO OTPAKAET HaIllle pealbHOe
MBILIJIEHHUE.

TouHo Takke Ha GU3NIECKOM YPOBHE COCIAMHSIOTCS HEUPOHBI B HAIIEM MO3TY:
KQXIbId HEUPOH OIyThIBA€T CETh JICHAPUTOB APYTMX HEHPOHOB, OT OJHOIO

HEMPOHA IO LEIMSIM CBSI3€M Mbl MOYKEM MEPEUTH K APYTOMY HEHUPOHY.

Wwrr > J-1/ -
K i
I’ yI‘;I s T
/p
I/IHTeJIJ]eKT-KapTLI — HauOolee AICKBATHO OTpaXXacT Hall€ pPCajlbHOC

MHOTOMEPHOE paJMaHTHOE MbIUIeHHe. IMEeHHO moaTomy oHa OoJee yqo0HA B
WCIIOJIb30BAaHUM TI0 CPABHEHUIO C OOBIYHBIM TEKCTOM. WHTEIIEKT-KapThl
MO3BOJIAIOT ~ 0OJiee  KayeCTBEHHO  OTOOpa3sUTh  CTPYKTypy  Marepuana,
CMBICIIOBBIE W HEpapXMUYECKUE CBS3M, II0Ka3aTh, KAKUE CYLIECTBYIOT

OTHOHICHUA MCKAY COCTAaBHBIMH 4YaCTsAMMU.
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1. B 4em cocTouT CyIiecTBeHHAas pa3HUIla MEXy CTPOCHHEM aMOpP(HBIX U
KpucTtajuimueckux ten? Uto Takoe KpucTamindeckas penierka’?

2. IlepeuncnuTe OCHOBHBIE TUIIBI TYEEK KPUCTAJUIMUECKUX PEIIETOK METAJIOB.
YTo Takoe mapaMeTphl PEeIIeTOK?

3. Uto moHUMAETCs Mo KpUCTAIUIOrpauuecCKuMU HANPaBICHUSIMU U
MJIOCKOCTSIMU M KaK OHM 0003HA4aroTCs?

4. Yto Takoe aHM30TPOIHS CBOMCTB B KpUCTaJJIaX, YeM OHa 00ycJoBieHa?
[IpuBectu npumep.

5. IloueMy NOJMKPUCTAIUIMYECKUE TEJA SIBISIOTCS M30TponHbIMU? UTO Takoe
KBa3uU30TPOMus (TICEBAOU3OTPOIHS)?

6. Uto Takoe amnorponus (MOIUMOpP(HU3M) METAJUIOB M KaKOBO €€
MPaKTUYECKOE 3HAUCHUE?

7. YTo mpencTaBisioT cOO0M KpaeBble TUCIOKAIUU, KAKOBA UX POJIb B
MPOTEKAHUHU TUIACTUYECKON AeGopMaIii MeTajia U KaK OHU BIIUSIOT HA €T0
MIPOYHOCTH?

8. UTo Takoe IJIOTHOCTh JMCIOKALMK M KaK OHA BIIUSET HA XapaKTep
M3MEHEHUS MTPOYHOCTH MeTaia’?

Pexomenayemas nuteparypa: MarepruanoBeeHUE U TEXHOJIOTUSI MaTepUasoOB:
yueOnuk / ['.I1. ®erucos, ®.A. lNapudymnnun. - M.: HUL] UHOPA-M, 2014. -
397 c.ctp. 26...28

http: //znanium. com/bookread?. php?book=413166

Kpucrannnueckoe cTpoeHHE METaIOB

http: //twt. mpel. ac. ru/ochkov/TM/lection 1. htm

Monayns 1.

Paznen IIl. ®opmupoBanue CTpyKTYphI 1ehOpMUPOBAHHBIX METATIOB

Tema 1. [Inactudeckoe nedhopMupoBaHHE MOHO- W MOJUKpUCTAIIOB. Hakném,
BO3BpaT U PEKPUCTATUIN3ALINS.

C}’IHHOCTB IMpOICCCOB BO3BPAaTa U INOJIMI'OHU3alIUN B CILJIaBaxX.
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Pexomenayemast mtepatypa: MarepuaioBeleHUE U TEXHOJIOTHS MaTepUaIOB:
yueOnuk / ['.I1. ®erucos, ®.A. Tapudymmn. - M.: HUI] UHOPA-M, 2014. -
397 c. ctp.101... 103

http://znanium.com/bookread2.php?book=413166

KonTpoabHbIE BOIPOCHL:

1. YUto Takoe Bo3Bpat?

2. YTo Takoe OTABIX U MOJIUTOHU3AIIUS.

3. Yto Takoe peKpucTaIM3alus: TepBUYHAs, COOMpATEIbHAS.

4.Kaxkas nedopmariusi Ha3bIBa€TCs XOJIOTHOM, a KaKasi ropsdeit?

Monayns 1.

Paznen IV. Teopus cruiaBos

Tema 1. Jluarpammbl cOCTOSIHUS

JlnarpaMMbl COCTOSIHUSI CIIJIABOB C NEPUTEKTUYECKUMHU MTPEBPAIICHUSIMU
[IpuMepHbIi J1aH OTBETA:!

l. BeiuepTuTe aOuarpaMMy —COCTOSIHMSL CIUIaBOB C  MEPUTEKTUYECKUMU
MIPEBPALICHUSMH.

2. O603HaybTe XapakTEepHbIE TOYKM M JIMHUMA JuarpamMmbl. ONUIIUTE, YTO
MOKAa3bIBACT KAXKJIas TOUKA U JIUHUS AUATrPaMM.

3. Ykaxute ¢a3bl B KaKI0W 0071aCTH TUArPAMMBI.

PekomeHnnyemas nuteparypa: MarepuanoBeeHUE U TEXHOJOTHS MaTE€pPUANIOB:
yueOnuk / ['.I1. ®erucos, ®.A. lapudymmn. - M.: HUI] UHOPA-M, 2014. -
397 c. ctp.70

http: //znanium. com/bookread?. php?book=413166

Monayns 1.

Paznen IV. Teopus cruiaBos

Tewma 2. /IlnarpamMmbl COCTOSIHUS

JluarpaMmbl COCTOSTHUSI CHCTEMBI, JUIsl Ciay4as OOpa30BaHUS XUMHUYECKOTO
COEIMHEHUS

[IpuMepHsbIi 1J1aH OTBETA:!
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1. Boryeptute nuarpaMmy COCTOSIHUSI CIUIAaBOB JJisi cliydass OOpa3OBaHMS

XUMHYECKOTO COCIMHECHHUS

2. O603HaYbTE XapaKTEPHBIC TOYKU U JIMHUU JTAATPAMMBI.

3. OnummmuTe, 4TO MOKa3bIBACT KAXK/Ask TOUKA U JIMHUS JTUArPAMM.

4. Yxaxure (azbl B KaXK10i 00J1aCTH UarpaMMBI.

Pexomennyemas nurepatypa: MaTepuanoBeieHUe M TEXHOJIOTHS MaTEpUaJIOB:
yueOnuk / ['.I1. ®etucos, @.A. INapudymnun. - M.: HUIl UHOPA-M, 2014. -
397 c. ctp.70

http: //znanium. com/bookread?. php?book=413166

Monayns 1.

Paznen V. [lnarpamma cOCTOSIHUSA KENE30yTIIEPOAUCTBIX CILIABOB

Tema 2. YriepoaucTsie CTaJId U YyT'yHbI

[IpuMepHbIi J1aH OTBETA:!

1. TpeGoBaHust K KOHCTPYKIIMOHHBIM U HHCTPYMEHTAJIBHBIM CTAJISIM

2. Ilonstue yriepoaucras cTallb

3. O6mras kimaccuduKanus yriiepoJIuCThIX CTaJeH MO pa3IuuHbIM MPU3HAKAM:

3.1. ITo XMMUYECKOMY COCTaBy

3.2. Tlo xauecTBy

3.3. Ilo nmpumeHeHuto

4. TlpyuHUMIIBI MAPKUPOBKH YTIEPOJIUCTHIX CTANEH MO KaXAO0W Ipymrne

5. IlpuBenure mHpUMEpPbl MapoOK CTAJIEW MO KaXIOM TPYIIe, YKaXUTE HX
CBOMCTBA, 00JIACTh MPUMEHEHHUS

6. Kakue cruaBel OTHOCATCS K UyTyHAM

7. O0miast kiaccuuKaIys 4yryHOB B 3aBUCUMOCTH OT COCTOSIHHSI YTJIEpOJia B
YyryHax

8. benble, cepble, KOBKHE, BBICOKONMPOYHBIE UYYTYHBI, aHTU(DPUKIIMOHHBIE
YYTyHBI.

9. IlpuBenure nOpUMEpPbl MapOK YYTryHOB IO KaXIOW TpyIIe, MNPUHIIMIIBI

MapKUPOBKH, 00JIACTh MPUMEHEHUSI.
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Pexomenayemast mtepatypa: MarepuaioBeleHUE U TEXHOJIOTHS MaTepUaIOB:
yueOnuk / I'.I1. ®erucos, ®.A. Tapudpymmn. - M.: HUI] UHOPA-M, 2014. -
397 c. ctp.180... 186, cTp.256...268

http: //znanium. com/bookread?. php?book=413166
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Monyns T.

Paznen VI. Teopust Tepmuyeckoit 00paboTKu cTaiu

Tema 1.

MapTteHcutHoe npeBpaiieHmue, ero 0COOEHHOCTH

IIman oTBera:

1. Maiite xapakTepucTuKy MapreHcuTa. KakoBbl yclioBus 00pa3oBaHUs
MapTeHCcUTa?

2. OnumuTe MEXaHu3M MapTEeHCUTHOTO MPEBPAIEHUS.

2. 3apucyiiTe KpUCTAIIMYECKYIO PEIIETKY MAapTEHCHUTA. Y KaKUTE CBOMCTBA
MapTeHcuTa. Yem oOBsICHSIETCS BbICOKAsi TBEPAOCTh MAPTEHCUTA.

3. 3aBUCHMOCTb TETPArOHATBHOCTH MAPTEHCUTA OT COJAEPMAHUs yriepoa B
CTaJIH.

4. BausiHue TeTparoHaAJIbHOCTH MapTEeHCUTAa Ha CBOMCTBA MapTEHCHUTA U
BEJIMYMHY BHYTPEHHUX HANPSHKCHHI.

5. 1Ipu4uHbI NPUCYTCTBUSA OCTATOYHOIO ayCTEHUTA B CTPYKTYPE 3aKaJIEHHOU
CTaJIH.

Monayisb 1.

Paznen VI. Teopust repmudeckoit 00pabOTKU cTaiu

Tema 3.MonHas XuMUKO-TEpMHUECKasi 00paboTka

IIman oTBera:

1. OnpeneneHrie HOHHOW XUMHUKO-TEPMHUYECKONH 00pabOTKU

2. llpeumyimiecTBa 1O CpPaBHEHUID C TPAJUUUOHHBIMU BHUAAMU XUMHUKO-
TEPMHUYECKON 00pabOTKH

3. CnyxeOHble CBOWCTBA TOKPBITHA Ui W3JEIUA W3 Pa3IUYHBIX CTaJeH,
MOJTyY€HHBIX MOHHON XMMHUKO-TEPMHUECKONH 00pabOoTKOM

4. ObnacTy MPUMEHEHUS MOHHON XUMHUKO-TEPMHUUYECKONH 00pabOTKU
[DnexTponHbIi pecypc]. Pexxum gocryna:

http://ion-procion.ru/ob-azotirovanii/ionnava-khto/

Moayns II. MammHOCTpOUTENBHBIE W aBUALIMOHHBIE MAaTEPUAIIbI
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Paznen II. JlerupoBannsie cranu

Tema 2. Cranu u cruiaBbl ¢ 0COOBIMH CBOMCTBaMU. MHCTpyMEHTaNbHBIE CTAU U
CILIaBBI

Bormpoc 1151 caMoCTOSATENBHOTO U3yUEHUsI: NTHCTPYMEHTAIIbHBIE CTAJIM U CILJIaBBI
VY4eOHbIil MaTepuai Mo JaHHOMY BOIIPOCY JIY4IlIe BCETO MPEACTABUTh B BUJIE
pa3paboTaHHOl BamMu MHTEINIEKT-KapTHI.

Pexomenayemas auteparypa: 3yoapes, FO.M. CoBpeMeHHBIE HHCTPYMEHTAIbHBIC
Mmatepuaibl: yueOnuk / FO.M. 3y6apes. - CII6. : U3n-Bo «Jlanby, 2008. - 224 e.:
wi. ctp._http://e.lanbook.com/view/book/595/

IIman oTBera:

1. Knaccudukanus MHCTpYMEHTAIbHBIX MAaTEPUAJIOB TI0 HA3HAYECHUIO

2. TpeboBanus, npeabsIBIsieMble K KaXKI0M Ipynne HHCTPYMEHTAIbHBIX
MaTepuaioB

3. IlpuBenute mnpuMepsl MapoK CTajled W CIUIABOB, WX pacim@poBKy s
pa3IMYHBIX  TPYIIl  HMHCTPYMEHTAIbHBIX  MaTepualoB, HMX  CBOICTBA,
YOPOYHSIONIYI0 TEPMOOOPAOOTKY M 00JIaCTh MPUMEHEHUS

4. Kputepuu BbIOOpa HWHCTPYMEHTAJIBHOTO Marepuaia JJisi H3TOTOBIICHUS
KOHKPETHOT'O MHCTPYMEHTA

Monayns 1.

Paznen IV. CrinaBbl Ha OCHOBE M€l U aHTH(PPUKIIMOHHBIE MATEPUAIIBI

Tema 3. Awntudpukuuonnsie wmarepuanbl. CIulaBpl Ha OCHOBE CBUHIA U
AIFOMUHHSL.

Pexomenayemas nurepatypa: MarepuanoBeieHUE M TEXHOJIOTHS MaTEPHAJIOB:
yueOnuk / I'.Il. ®etucos, ®.A. lapudpymmuna. - M.: HUL UTHOPA-M, 2014. -
397 c. ctp. 287, 330

http://znanium.com/bookread2.php?book=413166

Monayns 1.

Paznen V. Hemeraimnueckue marepuansl
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Tema 1. Tepmo- M TEPMOPEAKTOTTIACTHI, MX NPHUMEHEHHE KaK aBHUAIMOHHBIX
KOHCTPYKIIMOHHBIX MaTepHasoB

PaccMoTpuTe nmpuMeHEHHE TepMO- U TEPMOPEAKTOIUIACTOB KaK aBHAIMOHHBIX
KOHCTPYKIIMOHHBIX MaTEPHAJIOB, UX TPYIILI MapKH, CBOHMCTBA

Pexomennmyemasi nmureparypa: MaTepuanoBeleHHEe U TEXHOJOTHUS MaTepPHANIOB:
yueOnuk / ['.Il. ®etucos, ®.A. lNapudymnun. - M.: HUL UHOPA-M, 2014. -
397 c. ctp. 348...364

http://znanium.com/bookread2.php?book=413166

Monayns 1.

Paznen V. Hemeraimnueckue marepuasl

Tema 2. Pe3unoBbie Marepuansl. Jlakokpacounble Marepuanbl. Kien.
I'epmeruku. [IpuMeHeHre B aBUACTPOCHHUH.

PaccMoTputre  NpUMEHEHHE  PE3MHOBBIX  MATEpUAJIOB,  JIAKOKPACOUHBIX
MaTepuaioB, KJIE€eB, T€PMETUKOB, KaK  aBHAI[MOHHBIX KOHCTPYKIIMOHHBIX
MaTepuasoB, UX IPYIIbI MapKH, CBOMCTBA

Pekomennyemasi nmureparypa: MaTepualioBelleHUE U TEXHOJIOTHS MaTe€pUalIOB:
yueOnuk / ['.Il. ®etucos, ®.A. lNapudymnun. - M.: HUL UHOPA-M, 2014. -
397 c. ctp. 365...369

http://znanium.com/bookread2.php?book=413166

2. Pabora c JEKIMOHHBIM MaTepUaJIOM, JHUTEPATYpPO U METOTUYECKUMU
YKa3aHUsIMHU K TIPOBEJICHUIO TAOOPATOPHBIX pabOT MPH MOJATOTOBKE K
MIPOBEJICHUIO JTAOOPATOPHBIX PabOT M UX 3aIUTE.

[ToaroroBka k 1a6OpaTOpHBIM paboTaM 3aKIIOYACTCS B U3yUEHUU 1IEeTeH U 3a/1a4
nabopatopHOl paboOThl, W3YYEHHH TEOPETHUYECKOW YaCTH U METOAMYECKHX
YKa3aHUM, IOJITOTOBKE OTBETOB HA KOHTPOJIbHBIE BOIPOCHI.

JladbopaTtopHas paGora Nel. HayuHble ucciieoBaHMSI 10 MAKPOAHAJIM3Y
AeTaJiell U 3JIEeMEHTOB aBMAIIMOHHBIX KOHCTPYKUIMI (24ac.)

[leas pabOThI: 03HAKOMJIEHHE C METOJIMKON MPOBEACHHS MaKPOCTPYKTYpPHOTO

aHalIn3a, IIOJIYUYCHHC IIPAKTHUYCCKHX HABBIKOB H3I'OTOBJICHUA MaKpOHIJ'II/I(I)OB,
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U3Y4YeHHsI TIOBEPXHOCTEHM JeTayield, WU3JIOMOB, MaKpONUIM(OB, BBISIBICHUS
Makpone(eKToB, = HEOJHOPOJHOCTH,  TPUYMH  pa3pylIeHUs  MeTallla,
npuoOpeTeHne HaBBIKOB (poTorpadupoBaHusi, CKAHUPOBAHUS U 3aPUCOBKH

MaKpOCTPYKTYP.

[IprnoOpeTeHre HaBBHIKOB MPOBEACHUS HAYYHBIX MCCIEJAOBaHUNH B 00JacTH

MaTepUaIOBeICHHUS.
O6opynoBaHre U MaTEepPHUAIIBI:

1. Muxkpockon 6uHOKysipHBIH MBC-9.

2. Jlymbl pa3nu4HOTO YBETUYCHUS.

3. VYcraHoBKa i OJUPOBAHUS 00Pa3IOB.

4. XuMHYECKHE TPABUTEIU.

5. Ilepconanwnsiii komnbioTep: [IK DNS Office s/n FSCA001340-18

6. ®oroanmapat uudposoi: Canon AS550.

7. Ilpuntep SAMSUNG

8. Ckanep Epson Perfection VIO0 Photo s/n J8SW027315

9. Komnekiust 06pasiioB, neTaneid U 3JIEMEHTOB KOHCTPYKITHMA
Maxkpockonuueckuii aHanu3 (MakpoaHaJIM3) METAJIOB U CIUIABOB 3aKIIOYAETCS
B HCCIEJIOBAHWM HX CTPOEHHUS HEBOOPY)KEHHBIM TJIa30M WM TPH OMOIIH
HeOonpmmx yBenuueHud (mo 30 pa3). MakpoaHanau3 TMO3BOJSET OIEHUTH
KauecTBO MaTepHalia, BBIIBUTh HAIMYUE B HEM MAaKpOACPEKTOB, XapakTep €ro
IpeamecTByome o0padoTku (Jinthe, 0OpabOTKa aBlIeHUEM, pe3aHHUe, CBapKa,
HaljlaBKa, TepMHUYecKas M XHMHUKO-TepMHUYecKas oOpaboTka u  Jp.),
CTPYKTYPHYIO U XMUMHYECKYI) HEOJHOPOJHOCTh, BOJIOKHHUCTOCTH, MPUYUHBI U
XapakTep pa3pyuieHus.. CrpykTtypa MaTepuasoB, Habro1aeMast
HEBOOPY>KEHHBIM TJIa30M WJIM TPU HEOOJBIIMX YBEIHMYCHHUAX, HA3bIBACTCS
MakpocTpykTypoil. Ee MoxHO 3adukcupoBaTh (POTOCHUMKOM WJIM PUCYHKOM.

C momoIpi0 MakpoaHaliu3a MOYKHO JIaTh OOIIYIO OIICHKY COCTOSIHUS OOJBIINUX
MOBEPXHOCTEH Marepuaia WU JeTald B IIeJIOM M BBIOpaTh HEOOJbIINE
HauOosee Ba)KHbIE W TUIMWYHBIE YYACTKU JUIsl JaJIbHEUIIEro yriyOJeHHOro

65



u3ydyeHusa. MakpoaHanu3 MpPOBOJAAT MyTeM HM3YyYEHHUs HM3JIOMOB, MaKpOILIH(OB
WJIM BHELIHHUX MOBEPXHOCTEN 3arOTOBOK U JICTAJICH.
Hapyxubie, win  TOBEpXHOCTHBIE, MaKpoae(EKThl,  PaCIOJIOKECHHBIC
HEIOCPEJACTBEHHO  HAa  IIOBEPXHOCTUM  W3ACIUH,  IO3BOJISIIOT  BBISIBUTH
WCCIICIOBAHUSL TOBEPXHOCTEW HJTUX wu3nenuu. Eciam w3genus autele, T. €.
MOJly4eHbl METOJOM JIUThS, TO HAa UX T[OBEPXHOCTH HaAMOOJEe YacTo
BCTPEYAIOTCS CIAEAYIONNe 1e(eKThI:
1. [Ipurap, mpeacTaBIsAOUIUNA COO0N TPYTHOOTASTUMYIO KOPKY, COCTOSIIIYIO U3
cMecH MeTallia, (POPMOBOYHOTO MECKa U IIJIaKa

2. YcanouHble MyCTOTHl (PAaKOBUHBI, PHIXJIOCTH, MMOPUCTOCTH), 00pa3yroIuecs B
pe3yJsibTaTe ycaJku Meraia (yMeHbllleHne 00beMa) Mpu ero 3aTBepJeBaHUU

3.Ta30Bble  pakoBHHBI (Iy3bIpH), BO3HUKAIOIIME B KPUCTAJUIU3YIOLIEMCS
METaJIJIE Yyallle BCEro u3-3a e€ro OOJbIION Tra30HACHIIIEHHOCTH

4. YXUMUHBI, CO3JAIOLIMECA BCIEICTBUE YACTUYHOIO OTCIIOEHUSI BHYTPEHHUX
MOBEPXHOCTHBIX CJIOEB TECUaHOW (POPMBI, UTO MPHUBOIUT K OOPa30BaHHUIO B
TBEPJOM METalJI€ MOJIOCTEH, 3aMOTHEHHBIX (POPMOBOYHBIM MaTepUaTIOM

5. TpewmuHsl, MOABISAIOMMECSH KaK PE3YJIbTAT BRICOKHUX HAIPSIKEHUN B OTJIMBKAX
U3-32 CONMPOTHUBICHUS (OPMBI UX YCAJKe, a TAKKE HEOJMHAKOBBIX CKOPOCTEH
OXJIQXKJEHHUS Pa3JIMYHBIX YaCTEU JINTOU 3arOTOBKHU

6. Hemetaimmuyeckne BKJIIOYEHUS, KOTOPBIE MO MPOUCXOKACHUIO PA3LAEISIOTCS
HA DHJOTCHHBIE W DSK30T€HHBbIE. ODHJIOTEHHBIE O0pa3yloTCd B pPE3yJIbTaTe
B3aMMO/JICUCTBUS KOMIIOHEHTOB CILJIaBA, HAIIPUMED XKEJEe3a, C PACTBOPEHHBIMU
B HEM KHCIJIOPOJOM, CEPOU, a30TOM; JK30I€HHBIE - HIJIAKOBBIC BKIIIOUEHUS U
3aCOpBI OT Pa3pyIIAIONIUXCS CTEHOK (POPMBI

B mnactuuecku nedopMHpOBAHHBIX W3AETUSX OCTaeTcs dYacTh Je(eKTOB
mutoro merayuia. OctaBmmecs nedeKThl MPU TUIACTUYECKOM Je(POpMUPOBAHUU
MEeTaJIa BUJIOU3MEHSIOTCA. Y CaJlOYHbIE IIyCTOTHI IIPEBPAILLAIOTCA B PACCIOCHUS.
Hekoropele HeMmeTauiMyecKue BKIIOUEHHUS (@ TakXe Ta30BbIE ITy3bIpH),

OKHCIIEHHBIE W TIOTOMY HE 3aBapuUBIIMECS B TMpolecce ropsyeit oOpaboTku
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JIABJICHUEM, BBITSTUBAIOTCS W OOpa3ylOT MPSIMbIE TOHKHE IITPUXU-TPEIIMHKU
riyOouHoit He Oosiee 1,5 MM U JUIMHOM OT J10JIed MWJUIIUMETPA J0 HECKOIbKUX
caHTUMETpoB.  Takue  TpEIIMHKH, PACMHOJOKEHHbIE B  HaIlpaBICHUU
nedopMUPOBaHUSI, Ha3bIBAIOTCS BOJOCOBHHAMHU. B HEKOTOPBIX JETHMPOBAHHBIX
CTAJIIX BBIABJISAIOTCS (DJIOKEHBI - TOHKHE TPEIIMHBI, KOTOPbIE B IMOMEPEYHOM
CEUEHUU TMPECTABIIAIOT COOOM OBaJIbHBIE MATHA cepedbpucTo-0enoro neeta. OHH
OCOOCHHO  XOpOIIO  HAOMIONAIOTCA HA  M3JIOMaX ©  IPOTPaBIEHHBIX
makpouutudax. [Ipoucxoxnenne QproKeHOB CBS3aHO C MOTJIONICHHEM BOJIOPOA
KUJKOM CTanblo, €ro cerperammed B MecTax OOJNBIIUX HCKaKEHUUN
KPUCTAJUTMYECKON PEIIETKH 3aTBEPEBIICH CTAM. DTO MPUBOAUT K MOSBICHUIO
3HAUYUTENIbHBIX HANPSDKEHWM M, KaK CJEICTBHE, TPEIIMH MpPH IUIACTHYECKOU
nedopManuu CTajad, a TakKe MpPU €€ HEePAaBHOMEPHOM OXJIKICHUH WM
dazoBeix mpeBpamieHusXx. K ngedexram mimacTudecku AeQOPMUPOBAHHOTO
MeTajlsla OTHOCSITCSI TaKKe CHJIbHO Pa3BETBIIEHHBIE, TITyOOKO MPOHUKAIOIIUE B
ryOb MeTajula TpPeUIMHbl W PAKOBUHBI, BBI3BAHHBIE TMEpekorom (T. e.
OKHCIIEHHEM MeTajyla 10 TpaHUIlaM 3€pEH); HaJpPbIBbI, OOYCIOBIECHHBIC
Ype3MepHO OOJBIION CTENneHbIo aedopMalliy; OKaduHA - CIOM OKHCIIEHHOTO
MeTa/ia (ecid OHa BJaBJI€HAa B METAJI, Ha €ro TMOBEPXHOCTH 00pasyercs
psOU3HA).

B TepMmuuecku o0O0paOOTaHHOM MeTaie 4alle BCEro OOHApPYKUBAIOTCS
o0e3yriepoXKuBaHue W 3aKajo4yHble  TpemuHbl.  O0e3yriepokuBaHue
MOBEPXHOCTHBIX  CJIOEB  CTAJIbHBIX  M3IENHN  SBISETCA  PE3yJbTaTOM
OKHCIIUTEJIbHOTO JEHCTBUS IEYHOM ra3oBoM cpenbl. Ha moBepxHOCTH uU3aenui
BO3HUKAIOT YYAaCTKH C MOHWKEHHOW TBEPAOCTHIO - MSTKHUE IMSTHA. 3aKaJIOYHBIE
TPEIIUHbI UMEIOT 3Ur3arooOpa3Hbii XapakTep, 4acTo o0pa3yroT cerky. Kpas
3aKaJOYHBIX TPEIIUH, B OTIMYME OT TPEIIMH TropsdenehopMrupoBaHHOTO
MeTajia, He 00e3yriepoKUBAIOTCs, TOCKOJIbKY TaKue TPeUIuHbl 00pa3yioTcs B
MPOILIECCE 3aKAIKU MPH OXJIAXKIAEHUU u3fenuii 1o tremneparyp Hmwke 100° C wnm

IIOCJIC ITOJIHOI'O OXJIAKACHHMA.
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Ha noBepxHOCTH M3JIOMOB MOXHO BHJIETh NE€(EKThI, KOTOPbIE CIIOCOOCTBOBAIH
paspyuieHnio. B 3aBUCHMMOCTHM OT cocTaBa, CTPOEHHUS MeTallia, HAIWYUs
neheKTOB, yCIOBUN 00paOOTKH M AKCIUTyaTallud M3ACIUA U3JIOMbI MOTYT UMETh
BSI3KMU, XPYIIKUN WIK YCTAJOCTHBIM XapakTep.

Bsi3kuii  (BOJOKHHCTBIN) H3IIOM  UMEET OyTrpUCTO-CTIaKEHHBIH penbed u
CBUJICTEIHCTBYET 0 3HAYUTEIbHON TUTACTUYECKOM nedopmaruu,
npeanecTByomend paspymenuto. [1o BUay BSI3KOTO W3JIOMa HENB3sI CYyAUTh O
dbopMe U pa3zMepax 3epeH MeTaluia.

Xpynkuid  (KpUCTaJUIMYECKUI) HW3JIOM  XapakTepu3yeTcs HaJIWudyheM Ha
MOBEPXHOCTU IJIOCKUX OnecTamux y4acTkoB ((acerok). Tak kak pazpyuieHue
MpoTeKaeT 0e3 3aMEeTHOM IuTacTHYecKoW aedopManmu U (Gopma 3epHa He
MCKa)KaeTCs, TO Ha XPYMKOM M3JIOME BHJHBI UCXOAHBIE opMa M pa3Mep 3epeH
Metaia. [lpy  3ToM  paspylieHHe MOXET TMPOMCXOIUTh dYepe3 3epHa
(TpaHCKpHUCTAIUTHYECKUNA U3JIOM) 0o 1o rpaHUllaM 3epeH
(MHTEPKPUCTATMYECKHUM, UM MEKKPUCTALUTMYECKUH, u3inoMm). Paspymenue mo
rpaHuIlaM 3€peH MMEET MECTO NP HaJMYWK Ha TPAHMIAX HEMETAJUTMYECKUX
BKitoueHu  (pochuapl, cynabGuabl, OKCHUIBI) WM JAPYTUX BbIICICHUH,
OCTa0JISAIOMUX MPOYHOCTh TPAHUI] 3€pHA.

Xpyrmikoe paspyuieHre HarboJyiee OmacHo, TaK KaK MPOMCXOJUT Yallle BCEro Mpu
HANPSDKEHUSX HUXKE Tpeliesia TEeKydyecTH Marepuaia. Ero BO3HHKHOBEHHIO
CIOCOOCTBYIOT ~ HANW4YHM€  MOBEPXHOCTHBIX  J€(PEKTOB, KOHCTPYKTUBHBIE
pocyeThl (Pe3Koe W3MEHEHHE CEUEHUS, TOJCTOCTEHHOCTh JeTaliel), HU3Kas
TeMIlepaTypa U yJnapHble Harpy3ku Mpu padoTe, KPYyMHO3EPHUCTOCTh METala,
BBIJICTICHUSI [0 TpPaHULAM 3€peH XPYNKuX (a3, MexK3epeHHas KOPPO3Hsl.
PasHOBHIHOCTSIMU ~ XPYIIKOTO u3jioMa  SIBJSIOTCSA Ha(TaTMHUCTHIN,
KaMHEBUIHbIN, (papdHOopoBUIHBIN U JP.

Hadranuaucteiii u3nom (puc. 2) - TpPaHCKPUCTATUIMYECKUN C KPYMHBIM 3€pHOM
U u30upare’abHbIM OJECKOM, MOAOOHBIM OJecKy KpucTaiwioB HadTamuHa. OH

CBUACTCIILCTBYCT O MOBBIIIICHHOM XPYIOKOCTH CTallku, H Ha6monaeTc;{ B
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Puc. 4. YcranocTHblil H3710M IITOKa KOMITpeccopa:

1. 3ona 3apoxaeHHs TpeMHbI. 2.30Ha pacCIpOCTPAHEHUS TPEIIMHBIL.3. 30Ha J0JI0Ma.

u gaedopmanmif. M310M COCTOMT U3 TpeX 30H: 3apOXKIACHUS TPEIIHUHBI,
COOCTBEHHO YCTaJOCTHOTO PACHpPOCTPAHECHUS TPEIIMHBI U Jl0JioMa. MexaHu3M
YCTaJIOCTHOTO PA3PYyILICHUs CICAYIOLIMNA. Y CTaJOCTHAas TPELIMHA BO3HUKAET B
MecTax, TJIe UMEIOTCSI KOHIIEHTPAaTOphl HanpsbkeHuid wiu nedektol. [lepBas 30Ha
IUIOCKasi W TJajKas. YBEJIMYMBAsACH Mpu paboTe JeTanu, TpeluHa obOpasyer
30Hy COOCTBEHHOTO YCTaJOCTHOTO PACIpPOCTPAHEHUSI C XapaKTEPHBIMH
KOHIIEHTPUYECKUMU  OOpO3JKaMy WM  JyraMd U MEJIKO3EPHUCTHIM,
bapPopoBUIHBIM M3JIOMOM. 3a4acTyl0 OHAa UMEET OT/AEIbHbIC YYaCTKH TJIaJKOU
MIPUTEPTON MOBEPXHOCTU. [l0JIOM MPOMCXOIUT BHE3AMHO, KOT/Aa OCIabiIeHHOE
TPEIIMHON CEYeHHE JIeTadl He CIOCOOHO BBIIEPKATH TMPUKIIAIBIBAEMOMN
MEXaHWYeCKON Harpy3ku. [lomom ObIBaeT BSI3KMM WM XPYNKUM. B mpaktuke
IIUPOKO TMPUMEHSIOT TaKOW METOJl MaKpOaHalin3a, KaK UCCIEeIOBAHHE
MakponumdoB. Makpouud - 3To obpasenr ¢ IUIOCKOW NIIM(OBAHHOW H
MPOTPABIEHHON MOBEPXHOCTHIO, BBIPE3aHHBIN U3 UCCIEAYEMOIO y4acTKa JeTalu
Win 3arotoBku. Ero momydaroT criemyrommuMm oOpazoM. Ha meramnopexyiiem
CTaHKE WJIM HOXXOBKOW BBIPE3alOT 0Opasel], OJHY W3 IUIOCKUX IMMOBEPXHOCTEU
KOTOPOTO POBHSIOT HANMUIBHUKOM WM Ha IUIOCKONUIM(OBAILHOM CTaHKE.
3arem oOpasen HNUIMGYOT BPYYHYIO WIM HA NUIM(OBAIBHO - MOJIUPOBATHHOM

CTaHke UUIM(OBATBEHON IIKypKOW pasnuyHou 3epHuctoctu. lllnudosanue
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OJTHOM IIKYPKON HY>KHO MPOBOJUTH B OJHOM HAINpPABJICHUH, MOCIE YETrO CIETyeT
CMBITh OCTaTKu abOpa3uBa Bomoil. Ilepexons Ha Oosiee MENKYHO MIKYPKY,
noBopauMBaroT obOpazenr Ha 90° w mpoBoAAT 00pabOTKYy 10 TOJHOTO
HMCYE3HOBEHHUS PHCOK, OOpa30BaHHBIX MpeAblaylied mKkypkoi. Oobpasen
MPOMBIBAIOT  BOJOW, TMPOCYIIMBAIOT UM  MOJBEPraroT TIIyOOKOMY — WJIH
MOBEPXHOCTHOMY TpaBiieHHt0. COCTaB HEKOTOPBIX PEAKTUBOB Ui TPABJICHUS
npuBe/ieH B Tabnuie 1.

[lepen TpaBinenuem oOpaselr 00EBKUPUBAIOT U OUMIIAIOT, KaK MPABUIIO, STHIIOBBIM
criuproM. TpaBieHue OOJBIIMHCTBOM pPEAKTUBOB, MPUBEACHHBIX B Tabmuie 1,
OCYHIECTBIIIIOT, TOTpyXass B HHX oOpaszeu. [lpm sTom crmemyer crporo
coOIr0/1aTh TIpaBUjIa TEXHUKH 0€301aCHOCTH.

PeakTuB, akTMBHO B3aMMOJEWMCTBYS C y4YacTKaMH, TJ€ HUMEIOTCS ACPEKTHI H
HEMETAITUYECKUE BKIIIOUEHUS, MPOTPABIMBAET WX Ooliee CHUIBHO U TIIyOOKO.
[ToBepxHocTh Makponuiida nomydaercs penbe@Hoi. C MOMOIIBIO PEaKTHBOB
Uis TIyOOKOTO TpaBICHUS BBISABISIOTCA JaKe€ BHYTpEeHHHUE NedeKThl (IOpHI,
PaKOBUHBI, JIMKBAIMS, BOJIOCOBUHBI, TPEIIMHBI, (DJIOKEHBI U JIP.), HE BBIXOJISIINE
HEMOCPEACTBEHHO Ha TOBEPXHOCThb JeTand. [loBepXHOCTHOE TpaBlieHUE,
MIPOBOAMMOE MEHEE arpeCCHBHBIMU PEAKTUBAMHM, TO3BOJISIET BHISIBUTH B CTAJIAX,
YyryHax M [BETHBIX CIUIaBaX JIMKBAIMIO, MAaKPOCTPYKTYPY JHTOTO WM
ne(OPMUPOBAHHOTO MeTaia, AePEeKThl, KAa4eCTBO CBAPHBIX COEIUHEHUH,
CTPYKTYPHYIO HEOJHOPOJHOCTh MaTepHualia, MOJBEPTHYTOr0 TEPMUUYECKON WU
XUMHUKO-TEPMUYECKOM 00paboTke. PeakTuBBI, HCIOJIBb3yeMbIE TMPH TPaBICHUU

MakpouuingoB, 1 0COOEHHOCTH TPaBIIEHUS yKa3aHbl B Tabnuie 1.
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Tabnuua 1 - PeakTuBsbl, HCMONb3yeMbIe MIPU TPABICHUH MAKpOUUTH(OB, U 0OCOOCHHOCTH

TpaBJICHUS
Peakrtus
OcobenHoctu
CnnaBbl o
2 Ha3HAYEeHHE CoCTaB TpaBJICHUS
g
1 2 3 4 5
Jlnst TryGOKOTO TpaBleHUs
VYrneponucteie u| | | BesiBnenune  nukBamuu, | 10..20 mu cepnoit | Temneparypa: 20
HU3KOJIETUPOBAHHBIC neheKToB, kucnotel, 90... 80 | mudo 70°C,
CTaJIM, YyTyHBI. JCHJIPUIHOCTH, MJL. BOZBI JUINTENIBHOCTD -
HEOJIHOPOJIHOCTH, HECKOJIbKO YacoB.
BOJIOKHHUCTOCTH.
2 | BeisiBnenune — nukBamuu, | 50 M. comsHo# | Temmeparypa: 20
neheKToB, kuciaotrel, 50 M. | mubo 60...70° C,
BOJIOKHHCTOCTH, BOJIBI. JUINTENIBHOCTD -
MaKpOCTPYKTYPBI 1...60 MuH.
CBapHBIX COCAMHEHUII.
3 | BeisiBnenue obme#t | 7,5 ™. cepHoil | Temmneparypa
MaKpOCTPYKTYPHI, kucinotel, 10 1. | 50..,70°C,
neEeKTOB. XpOMOBOTO JUINTENIBHOCTD -
anrugpuna, 80 mi. | He meHee 10 muH.
BOJIBI.
B bicokonerupoBanusie | 4 | BeisiBneHue obomeit | 10 wmn.  cepnoit | Kunsamuit
u KOPPO3HOHHO- MaKpOCTPYKTYPHI, KucinoTel, 50 ML | pacTBOp,
CTOMKHE CcTau ne(eKToB, JIMKBAI[MH, | COJISTHOM KHUCIOTHI, | JIUTEIBHOCTD -
BOJIOKHHUCTOCTH, 40 M. BOJBL 10.. .60 mumH.
JCHJIPUTHOCTH.
Kopposuono-croiikue | 5 | Ouenka cwionHoctd K | 10w cepnoit | [lorpyskenue
XPOMOHUKEJIEBbIE MEXKPHCTAUTUTHOM KUCIIOTBI, 3 TI. | TIpeaBapUTEIbHO
CTaJIu. KOpPPO3HHU. CEPHOKHUCIION HarpeTo g0 625°
menu, 87 ML C cTalu B
KUIIAIIAN
PEaKTHB,
JUINTENIBHOCTD -
72 u.
MenHble CIUIaBbI 6 | BruaBiienue obme#t | 50 M. asorHoi | Temmepatypa -
MaKpOCTPYKTYPHI. kucinotel, 50 wmi. | 20°C,
BOJIBI. JUINTENIBHOCTD -
HECKOJIBKO
MUHYT.
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[Tponomkenue Tabauubr 1.

I[J'IH IOBCPXHOCTHOI'O TPAaBJICHUA

Paznuynpie cramu u | 7 BroisBnenne — nukBauumu | 8§ 1. xjopucroro | Temnepatypa -
YYT'yHBI. CepBl, docdopa U | aMMHaKa memn, | 20° G,
yriepona, monocdaroctd | 100 M. BOIBI | IIMTENBHOCTH -
ne(hOpMUPOBAHHOM (peaxTuB ['eiina). 0,5...5 MHUH.
CTaJIH, rpy0oii Brmasmryro menp
3€pHUCTOCTH, yHAJISIOT ~ BaTou
MTOBEPXHOCTHBIX OJ] CTPYEei BOJBI.
neEeKTOoB.
8 BoisBnenue — aukBaumM | S MIL cepHou | He
CephI kuciotel, 100 ML | pUKCHpPOBaHHYIO
BO/JIBI (peaktuB | horoOymary
baymana). CMaurBaIOT
PEaKTHUBOM,
MPKUMAIOT
AMYJIbCUEN K
Makpouundy Ha
1...10 MMH.,
IpPOMBIBAIOT T,
bukcupyor,
CHOBa
MIPOMBIBAIOT u
BBICYIIHBAIOT.
9 BreisBienne  amkBanuu | 3 MU COJIIHOM
dhocdopa kucnotel, 0,2 T.
XJIOpUCTON Menu, 3
r. XJIOPHOTO
xkemesa, 0,1 T
XJIOPUCTOTO OJIOBA,
100 mu1. 3THIIOBOTO
cnuptra, 100 M.
BOJIBI (peakTuB
Obeproddepa).
BrisiBinenune oOpasoBanus | a) 5 M. comsiHOU | JXKemaTuHOBYIO
OKCHJIOB kucnotel, 100 M. | Oymary wim He
BO/JIBI, (UKCHPOBaHHYIO
0) 2 r. KkpacHoi | poToOymary
KPOBSIHOM COJIM, | TPOTUTHIBAIOT
100 mu1. BOIBI. peaTuBoM a,
IpUOIU3UTETHHO
Ha 5 MUH.
OPWKUAMAIOT K
Makpouudy,

3aTeM MPOSIBIISIOT
peakTuBOM 0.
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Puc. 6. MaKpOCprKTypa IMECTEPHU C HEPABHOMEPHLBIM CJIOEM U HAIIPAXKCHUSAMU,

MOTr'yIIUMH BbI3BATH ITOJIOMKY 3Y6BCB.

Puc. 7. MakpocTpyKTypa LIeHKH Baja C MOBEPXHOCTHON BbICOKOUACTOTHOM 3aKaIKOM.

HayrnepoeHHbin —
LUeMEeHTUPOBaHHbIN
cioi, 58...60 HRC3

30 HRC3

Puc. 8. Makpoctpykrypa netanu u3 ctanu 12XH3A ¢ HayriiepoxeHHbIM
(LLEeMEHTUPOBAHHBIM) CIIOEM.
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XuMu4eckass HEOJHOPOIHOCTh CIUIaBa, BO3HUKAIOIIAS TPU €ro MPOU3BOJICTBE,
Ha3bIBaeTcsl JuKBanued. OCOOEHHO CKJIOHHBI K JIMKBAIlMM B CTald TaKHe
AJIIEMEHTHI, Kak: yriepoi, cepa u ¢ocdop. BaxHo 3HaATH pacmpeneicHue B
CTalli BpEAHBIX TpuMeced cepbl U ¢docdopa, OKa3bIBAOIIEE CYIIECTBEHHOE
BIUSHUE Ha CTpOeHHME MeTaimla W ero cBoictBa Cepa  BbBI3BIBACT
KPaCHOJIOMKOCTh CTajii, T. €. OXPYIMYMBAHHE MPHU BBICOKUX TEeMIIepaTypax, a
dbocdop - XJIaTHOTOMKOCTh, T. €. OXPYIMYUBAHUE MPU HU3KUX TEMIIEpaTypax.
[Toatomy comepskanue cepbl u (pochopa B CTaisix CTPOTO periiaMeHTUPYETCS.
XapakTep pacmpesielieHduss Ha3BaHHBIX OJJIEMEHTOB 3aBUCUT OT IIpolecca
KPUCTAITM3AIMU METalljla B OTJIMBKE WJIM B CBAPHOM COEJMHEHMHU U OT BHUJA
00pabOTKH JTaBIICHUEM.

OO6myro JMKBaIMIO yriepoaa, ¢pocdopa u cepbl MO3BOJSET OLIEHUTh 00paboTKa
Makpornuda peaktuBoM ['enna (peaktus 7 B Tabmure 1). [pu
B3aMMOJICHCTBUM NUTH(]A U peaKTHBA JKEJIe30 U3 MOBEPXHOCTHOTO CIIOSI CTaJIU
MEPEXOJIUT B PEAKTUB, HA €T0 MECTO OCAXKIACTCA Mellb, KOTOpas 3alliaeT
CTaJlb OT JAJIBHEHUIIErO BO3JAECHUCTBUS PEAKTUBA.

Mecra ckoruieHu#t yraepoja, cepbl u (hochopa 0Ka3bIBAIOTCS B MEHBIIIEH
CTETICHH 3alUIIEHHBIMUA MEJIbIO U MPOTpaBiIuBatoTcs cuibHee. [locie
yAaJeHus MO/ CTPYEH BOJBI CIIOS MEJIU 9TH YYaCTKU BBITJISIST TEMHEE.
JIukBanuio cepbl B CTald WIM YyT'yHE MOXKHO OLEHUTh MeToloM baymana
(peaxktuB 8 B Tabmuie 1). Cepa Haxomutcst B ctanu B coctaBe CynbduaoB (FeS u
MnS). IIpu B3auMoneiCcTBUM UX C CEPHOM KHUCIOTOM, OCTaBIleics Ha (hooToOymare,
oOpazyercs CEpOBOAOPO. (FeS+H2S04->FeS04+H,ST). CepoBoiopos
B3aUMO/JICIICTBYET C OpPOMUCTBIM cepedpomM boTosMyIIECHU
(2AgBr+H,S"2HBr+Ag,S). Ob6pazytommecss Ha (poroOymare TeMHBbIE y4YacTKU
Ag2S BbEBISIOT (opMy M XapakTep paclpenesieHus Cepbl B HCCIeTyeMOM
MeTaie.

Jli1st BeIsIBIIeHUS THUKBauK docdopa menecoodpa3Ho MPOBOIUTH TPABICHHE

peaktuBoM O6eproddepa (peaktuB 9 B Tabnuie 1).
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C nukBanued XUMUYECKUX DJIEMEHTOB TaK)KE€ TECHO CBSI3aHBI JCHIPUTHOCTH
CTPOCHHSI JIUTHIX CIUIABOB M BOJIOKHUCTOCTH CTPOEHUS Je(POPMUPOBAHHBIX
MeTaJyioB. JleHapuTaMy Ha3bIBAIOT KPHUCTAUIBI (3€pHA) JUTOrO0 MeETaa,
UMEIOIIUE JPeBOBUIHYIO (hopMy. BpeaHsie mpuMecu B BUJIE HEMETAJUIMYECKUX
BKIItOUeHU# (CynbpuaoB, (GochuaoB, OKCHUIOB) U HEKOTOPHIE JIETHPYIOIINE
AJIEMEHTHI CKAIUTMBAIOTCS dYalle BCErO0 B MEXKJIEHAPUTHBIX IMPOCTPAHCTBAX.
[Ipogykuuen MeETaulypruyecKux IMPEANpUsaThi, KakK I[PaBWIO, SBISETCSA
METaJlJl, TPETEPHeBIIUNA TOPSUYyl0 O0O0pabOTKy MdaBlEeHHEM - KOBKY WIIU
npokatky. [Ipu nedbopmupoBaHUM NEHAPUTHI, BHAYAIE IE€30PHUEHTUPOBAHHBIE,
MOCTETIEHHO  IMOBOPAYMBAIOTCA W BBHITSATUBAIOTCS  BIOJIb  HANpPaBICHUS
nepopmari. BeITArMBaOTCS U HEMETAUIMUECKHE BKItOUeHus. B pesynbrare
TOoro GopMuUpyeTcs TUMUYHAS I TPOKATAaHHOTO MeTajlla TMoJjiocyaras,
BOJIOKHHUCTasl CTPYKTypa. Takoe BOJOKHUCTOE CTPOCHHUE MeETaylyla Ha3bIBAIOT
MEPBUYHOM  MMOJIOCYATOCThIO. BTopuyHas monocyarocTh oOpasyercs B
JIOBTEKTOUIHON CTaU (M B HEKOTOPBIX JIETUPOBAHHBIX MPU MX OXJIKICHUH
OT BBICOKHX TE€MIIepaTyp) B pe3ysibTaTe BBIJACICHUS M30BITOUHOTO (heppura u3
ayCTEHWTAa Ha BBITAHYTHIX HEMETANIMYECKUX BKIIOUEHUSAX. MakpoaHamus
MO3BOJIIET YCTAHOBUTD M CIIOCOO M3TOTOBJICHHUS JIETAJICH.

Bonoknucroe crpoeHume MeTtamsia OOYCIOBJIMBAE€T PE3KO  BBIPAKEHHYIO
aHU30TPONHIO €r0 CBOWCTB (pasiuuvMe MX ToKa3zaTele BAOIb U IMOMepeK
BOJIOKHA). [lmacTuuHOCTH, yJapHas BSI3KOCTh W TPOYHOCTH 00pasIoB,
BBIPE3aHHBIX BJIOJIb BOJIOKOH, BbIIE. [lOATOMY OTBETCTBEHHBIE JETallH,
0COOEHHO Pa0OTAIOIIME MPU BBHICOKUX JTUHAMUYECKUX Harpy3kax (KOJEeHUYaThIe
Bajibl, IIECTEPHH, IIATYHbI, MOJOTOBBIC INTAMIIbI, KJAMaHbl, KPIOKH),
M3TOTOBJISIIOT TaK, YTOOBI BOJIOKHA B HUX HE MEPEPE3aIUCh, & COOTBETCTBOBAIIH
KoHuryparuun  u3genus.  [lpu  oOpaboTke  pe3aHueM  JeTand U3
ne(OpPMUPOBAHHON CTalld €€ BOJIOKHA IEPEPe3aloTCs, YTO PE3KO CHIKAET

npouHocTh getanu. Ha puc. 9, 10, 11, 12, 13 nokazana MakpocTpyKTypa
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IITaMIIOBAHHBIX ITOKOBOK C YIOBJIECTBOPUTEIBHOM MAaKpOCTPYKTYPOU M HA PUC.

14 ¢ HeyAOBIETBOPUTENBHOM MAKPOCTPYKTYPOU U HAJTUUHEM IIPOCTPENIAy.

Puc. 9 . MakpocTpyKkTypa IITaMIOBaHHBIX TOKOBOK. MaKpOCTpYKTypa

yaosnerBopurenbHas. CraB AKG6.

Puc. 10. MakpocTpykTypa IMITaMIOBaHHOW MOKOBKH. MakpoCTpyKTypa

yaosnerBopurenbHas. CraB AKG6.

Puc. 11. MakpocTpykTypa IITaMIOBaHHOW MOKOBKH. MakpoCTpyKTypa

yaosnerBopurenbHas. Cras AKG6.
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Puc. 12. MakpocTpykTypa mTaMIOBaHHBIX MOKOBOK. (BepxHss dororpadus neranb
«Kppikay, HuxHAg hotorpadus - aetanb «OcHoBaHue» Uis cOopodyHoro y3na «Kopmyc).

Makpoctpykrypa yaosierBopurensHas. Cruia AK6.

Puc. 13. MakpocTpyKTypa MITaMIOBaHHOW MOKOBKU. MakpoCTpyKTypa

yaosierBopurenbHas. CriaB Ha ocHOBe TuTaHa BT 22.
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Puc. 14. MakpocTpyKkTypa IITaMIIOBaHHOW MOKOBKU. MakpocTpyKTypa

HCYAOBJICTBOPUTCIIbHASL. Ha6moz[aeM «HpOCTpeJ'I)).
3aganue
1. O3HaKOMHUTBLCS C METOJIMKOM IPUTOTOBJICHUS MaKPOILIU(OB.
2. V3yuuTh KOJUJIEKIIMIO O0Opa3IOB ¢ OCHOBHBIMH AcheKTaMH, HaOII0JaeMbIMU Ha
HX TIOBEPXHOCTH. 3apuCcOBaTh ATH AeHEKTHI.
3. HUccnenoBarts, chororpadupoBaTh W  3apUCOBATh  MaKPOCTPYKTYpY
MakponutupoB ¢ XUMHUECKOW HEOTHOPOJHOCTBIO, CBApHBIC COSTUHEHUS, JIETaIH,
YIPOYHEHHBIE TEPMUYECKON, XUMMHUKO-TEPMUUYECKON 00pabOTKON WM HAIUIaBKOM,
JeTanei, U3roTOBJICHHBIX Pe3aHUEM B 00paOOTKOM JIaBJICHUEM.
4. Uzyuuth, choTorpadupoBaTh, OTCKAHUPOBATH WJIU 3aPHCOBATh OCHOBHBIC BHUIBI
U3JIOMOB (BSI3KUH, XPYTIKUH, YCTATIOCTHBIN).
5. Cnenatb BBIBOJIBI U COCTABHTh OTYET IO pabOTe€ B COOTBETCTBUM C 3aJaHUSMU
(B oTyeTe 0053aTeNbHO JIOJDKHO OBITh YKa3aHbI TeMa, I1eNIb paboThl, 000pyA0BaHHE
W MaTepHuasibl, BBHITIOJIHEH IIPOTOKOJ MaKpoaHaiu3a 1o (opme, MOSICHEHHE K
KaXJIOM pacCMOTPEHHOM MaKpOCTPYKTYpe, MCIOJIb30BaHHAS JIUTEPATyPa).
6. O3HaKOMHUTBCSA C KOHKPETHBIMH MaTepHalaMH JKCIIEPTHBIX HCCIIEIOBaHUH,
MPOBEACHHBIX Kadenpoi, IO YCTAaHOBJICHWIO NPUYMH aBapud WM ITOJOMKH
METAJUTMYECKOTO M3CIHS JUIsl TOTO, YTOOBI yOeIUTHhCS B OOJBIION MPaKTUYECKON
3HAYMMOCTH MaKpOaHaJIM3a.
7. Pa3paboTaTh METONMKY IPOBEJCHHE HAYYHO-HCCIICIOBATEIBLCKOM PAOOTHI IO

MaKpOaHaJIu3y 3JEMEHTOB KOHCTPYKIUH U Aetanen JIA
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[Ipu BeIMONTHEHUH PAOOTHI CieayeT COONIIOAaTh IpaBuiaa Oe30macHOW paboThHl Ha
00OpYy/IOBaHUU U C XMMHUYECKHUMH PEAKTHBAMH.

[TpumepHbIe 3amanus K J1a00paTopHON padoTe:

1. O0beKT HcCIeNOBAHNI: 3aAKIENOYHbIC COeIHHECHUS

KoHcTpykiusi coeuHeHus: MPecCOBaHHbIN yrojiok - Marepuan 16T

muct - Marepuan 16T, 3akn€nka - matepuan B6S5.

[TokpeiTue - rpyntoBka AK-070.

3aganue:

| .BBINOIHUTH 3CKU3 COEIUHEHHSI C YKa3aHUEM Pa3MEPOB

2.JlaTh XapakTepUCTHKY W pacuIndpoBaTh MapKu MaTEPHAIIOB

3. Ykazatb TepM00OpabOTKY

4. PacuugpoBath MOKpHITHE

5. Ilpon3BecTy CKaHUPOBAHME MOBEPXHOCTH MaKpomuinda

6. BbIsiBUTH A€(EeKThI COeNUHEHNUS

7. Yka3arb B 0TU€Te BO3MOKHBIC AC(PEKThl KIENaHHBIX COCTUHEHUH.

2,00beKT HCCIeI0BAHMIA: JTUTAS 3ar0TOBKA (OTJMBKA), MOJYyYeHHAs] JUTHEM B
KOKWIb

Marepuan - craB AJI-9

3aganue:

| .BBIMOMHUTB 3CKU3 C YKAa3aHUEM Pa3MepoB

2.JlaTh XapakTepuCTUKy U pacuudpoBaTh MapKy MaTepuasa

3. [Ipou3BecTy CKaHUPOBAHUE TTOBEPXHOCTU 3arOTOBKHU

4. BeIsBUTH J1e(DEKTHI

5. Ykazath B 0T4ETE BO3MOXHBIC 1€(PEKTHI JIUTHIX 3arOTOBOK

3.00beKT HAYYHBIX HCCJIEA0BAHMIA: JUTAasA 3ar0TOBKA (O0TJIMBKA), MOJy4YeHHAas!
JIUTHEM B NMECYAHO-TJIMHHUCTHIE (DOPMBI

Marepuan - 35XIT'CJI

3aganue:

1 .BBINOJIHUTH 3CKU3 C YKa3aHUEM pa3MepOB
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2.J1aTh XapakTepucTUKy U pacmnidpoBaTh MapKy maTepHalia
3. [IpousBecTn CKaHUPOBAHUE 3arOTOBKHU
4. BeIsBUTH J1e(DEKTHI

5. Ykazath B 0T4ETE BO3MOXKHBIE 1€(DEKTHI TUTHIX 3arOTOBOK

4,00beKT HCCIENOBAHMNA: 3JI€eMEHT KOHCTPYKUMH H3 KOMIO3MIMOHHBIX
MaTepuajIoB

Marepuansl - creknoTeKcToauT OTd-T - yriaemnnacTuk OJHOHAIPAaBICHHBIM
KMYVY-3

3agaHue:

| .BBIMONMHUTB 3CKU3 C YKA3aHUEM Pa3MepOB

2.JlaTh XapakTepucTUKy U pacuudpoBaTh MapKy MaTepuasa

3. I[Ipou3BecTy CKaHUPOBAHUE 3arOTOBKHU

4. BeIssBUTH J1e(DEKTHI

5. Vkazath B 0T4€TE BO3MOXHBIC 1€(PEKThI KOHCTPYKIIUN U3 KOMITO3UITHOHHBIX
MaTepUaioB

WnTepuet pecypcebl:  http://technomag.bmstu.ru/doc/361759.html.

5.00beKT HccIe10BaHMII: CBAPHbIE COeIMHEHUS

KoHcTpykumst coequnenus: 0amioH BeICOKOTo naBieHus - Marepuan 30XI'CA
Mryuep - 09X18HIT

3agaHue:

1 .BBINOJIHUTH ACKU3 COCIMHEHUS C YKa3aHUEM Pa3MEPOB

2.J1aTh XapakTepuCTUKY U pacmr(poBaTh MapKu MaTepHajoB

3. [IpousBecTn CKaHHPOBaHUE MOBEPXHOCTH MaKpoILIuda

4. BeissBuTh neeKThl COCAMHEHUS

5. Vkazarh B 0T4ETE BO3MOXKHBIC 1€(PEKThI CBAPHBIX COCTUHEHUIA.
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0.00beKT HCCIeI0BAHNI: CBAPHbIE COeIMHEHUS

KoHcTpyKIMsi COeIMHEHUs: 3JEMEHTHI MOJIKOCA MOAPETYKTOPHON PaMbl -
marepuan BT-14

3aganue:

| .BBINOAHUTB 3CKU3 COEAMHEHMS C YKa3aHUEM Pa3MepoB

2.JlaTh XapaKTepUCTHKY W pacuInpoBaTh MapKu MaTEPHAIIOB

3. [IpousBecT ckaHMPOBAHUE MOBEPXHOCTH Makpouuiuda

4. BoiaBuTh e()eKThl COSAMHEHHUS

5. Ykazarh B 0T4ETE BO3MOXKHBIC T1€(PEKThI CBAPHBIX COCTUHEHUIA.

®opMa IpPOTOKOJIAa MaKPOAHAIIN3A.

Ne Mapka marepuana, Ocku3 Cocras BriBon
/n ucciexyeMasl 3aroToBKa, HCCIIETyEeMOTO TpaBHTE JIst Jedextsr,
n37IeNue. W3AENHsL. Ha0Ilfo1aeMble B
Haomronaemas HCCIIeyeMOM
CTPYKTYpa n3aennu/Bo3MoxHbIE
Te(peKThI

JladbopaTtopHas padora Ne2. O3HakoOMJIeHHE C YCTPOMCTBOM M padora Ha
MeTajiorpaguyeckoMm MHKpockone. MUKpoaHAIU3 MeTALUIOB W CILJIABOB.
(2uac.)

[leas paboOTHI: O3HAKOMJICHHE C IMPOILIECCOM TPUTOTOBJICHUS MUKPOULIU(OB,
U3Y4YCHHE YCTPOMCTBA MeETaIOrpaduyeckoro MHUKPOCKONAa M TMPUOOPETEHHE
MPAKTUYECKMX HABBIKOB pabOTHl Ha HEM, MPOBEJIEHUE MHUKPOAHANIN3a CIUIABOB H
npuoOpeTeHue HaBBIKOB  ¢oTorpadMpoBaHUs UM 3apUCOBKH  MPOCTEHIIIHMX
MUKPOCTPYKTYD.

O6opynoBaHKe U MaTEepPHUAIIBI:

1. udposoii metamiorpadpuueckuii komruieke Anptamu MET 1.

2. Mukpockonsl Metaiorpapuaeckue MUM7, MUMS.

3. YcraHoBKa Ui MOJIMPOBAHUS 0OPa3IIOB.

4. XumMu4eckue TpaBUTEIU.

5. Ilepconanbhbiii komnbioTep: [IK DNS Office s/n FSCA001340-18
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6. ®otoamnmnapar mudposoii: Canon A550, A640.

7. Ilpuntep Canon

8. Cxanep Epson Perfection V100 Photo s/n J85W027315
9. Komnekius 00pa3ioB A MPOBEACHHSI MUKpOaHAIN3a.

MuKkpockonuueckuii  aHaiu3  (MUKpOaHalIW3) METAUIOB M CIUIABOB
3aKJIIOYAETCS B HCCIEIOBAHUU CTPOEHUS (CTPYKTYphbl) MeTajyia C MOMOIIBIO
ONTUYECKOTO WM 3JEKTPOHHOTO MHKpockona CTpoeHHe METAIOB M CILJIaBOB,
Ha0II01aeMOe TIPH MTOMOIIY MHUKPOCKOIIA, Ha3bIBAETCS MUKPOCTPYKTYPOI.

Mexly MUKPOCTPYKTYPOU METAJIOB U UX CBOMCTBAMH CYILECTBYET UETKasl CBS3b.
MuxkpoaHanu3s Mo3BOJISIET OMPENeIUTh POopMy U pa3Mepbl OTIACNIbHBIX 3epeH U (a3,
a TaKKe WX COJEp)KAaHUE, OTHOCUTEIHLHOE pACIOJIOKEHHUE, BBIIBUTH HAJIUYHE
UMEIOIUXCSI B MeTalljle BKIIOYEHUH, MUKPOAE(PEKTOB M CYIuTh O CBOMCTBax
METAJJIOB M CIUIaBOB, O MPEALIECTBYIONMEH 00pabOTKe STUX MaTepuasioB (JIUTHE,
nedopMupoBaHue, TepMuuyeckas o0paboTka). MuKpoaHalu3y TMOABEPraroT
CHEIHMAIBFHO MOATOTOBIEHHBIE 00pa3iibl, Ha3bIBAEMbIE MUKPOILIA(AMU.

Muxkponndsl TOTOBAT CIAEAYIONIMM 00pa3oM. MecTo BBIpe3KH 00pasia
BBLIOMPAIOT B 3aBUCUMOCTU OT 3aj[a4 HUCCIEAOBaHUA (B pANE CIy4yaeB MOPSJIOK U
MECTO BbIpe3KU cTporo pernamentupyrotTcs ['OCTamu). B cioyuyae BbIssCHEHUS
NPUYUH pa3pylieHus JAeTajiel BO BpeMs SKCIUTyaTallud o0Opasilbl BBIPE3AIOT
BOJIM3M MecTa pa3pylIeHHs HOXKOBKOH, (pe3oid, pe3loM, aaMa3HBIMH,
BYJIKAHUTOBBIMU KPyTaMH WU 3JIEKTPOUCKPOBBIM criocoOom. IIpu BwIpe3aHun u
nocienyromeM NUM@oBaHUK 00pa3lia 3a4acTyl0 HEOOXOIUMO OXJIaKJEHHE.
3HAYUTENbHBII HArpeB HEJOMYCTHUM, TaK KaK OH MOKET BbI3BATh CYIICCTBEHHbBIE

CTPYKTYPHBIE U3MEHECHUS MeTasa.

OObryHO 00pasubl UMET GOopMy NMIMHApPA WIK YEThIPEXTPAHHUKA C
muHeiHpiMu pazMepamu 10..20 mM. B cnyuae, korma pasmepbl MUKpOULTH(]OB
Maibl (IIPOBOJIOKA, TOHKHUHM JIMCT, MEJIKHE JAETalu), MOCIEIHUE 3aKpeIvIsioT B

CHEIHUAbHBIX 3aKUMax (CTpyOLMHBI) WIKM 3aJMBAIOT B ONpPaBKaX JETKOIJIABKHUMHU
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Matepuanamu (cmiaB  Bypa, SIHOKCHMIHBIE WIM aKpUJIOBBIE CMOJIBI, Cepa,
MJIACTMACCHhI).

[ToBepxHOCTH OOpa3ia AENaoT IUIOCKOW M NUTU(YIOT BPYYHYIO JIMOO Ha CTaHKax
HaXJaYHBIMU HIKypkamu. [lpu 3TOM ciemyer cobmogaTh MOCIEA0BATEILHOCTD U
IUTABHOCTh Tepexojia OT TPyOO3epHHUCTHIX K MENKO3EPHUCTHIM IIKypKam. Jlis
CyXOro nutM(OBaHMS MPUMEHSIOT MIKYPKY, BBIITYCKAEMYIO MPOMBIIIIEHHOCTHIO TIO
I'OCT 6456-82, nyis MOKpOTO - BogocToikyto Oymaxuyo mkypky ('OCT 10054-
82). Ecnim mumdoBaHue BemyT BpYYHYIO, HUIM(OBAIBbHYIO OyMmary KIaayT Ha
POBHYIO TUIOCKYIO TOBEPXHOCTh (Hampumep, Ha ctekso). llocnme muumdoBanus
ocTaTkd abpaszuBa CMBIBAIOT BOJIOW C MOBEPXHOCTH numda. 3aTem i yJadeHUs
MEJIKUX PUCOK 00pasel] MOJUPYIOT. DIEKTPOIUTHI U PEKUMBI AIEKTPOITUTUYECKOTO

IMOJIMPOBAHUA MCTAIJIOB U CILIABOB IIOKA3aHbI B Ta6J'II/IHe 2.

Ta6JII/IL[a 2 - BHGKTPOHI/ITLI H PCIKUMBI SJICKTPOJIUTHYCCKOT'O ITOJIMPOBAHHA MCTAJIJIOB U CIIJIAaBOB

KOPPO3HOHHO-CTOMKHE
CTali, OCPUILIHIA.

OIEKTpOJIUT
[Tonmupyemble MeTaIbl, | &
2] Pexum nonupoBanus
CILIABBI 2 coCTaB
=
1 2 3 4
Yraepoaucrele, 1 | 200 ML nepxiopucror | Hanpsbkenne U = 30...40 B;
ayCTEHUTHBIE, kuciiotel, 700 M. STHIOBOIO | MIOTHOCTH TOKa | =

crupta, 100 mMi. raunepuHa.

(1... 1,5x10* A/M*; Bpewms
nosnupoBanus T = 10.. .30 c.

ANOMUHUA W €ro To xe. U = 40..50 B; 1 = 1,8-10*

CILIaBBI. A/M%; T =20...30 c.

Huxens u ero criaBsbl. To xe. U=40B; 1= (14.. 1,5)—104

A5 T =40...60 c.

TuTan u ero cruiaBbl 2 120 MJIL. nepxjgopuctod | u = 30 B; I =
kucnotsl, 350 mu. stunosoro | (0,018.. ,0,035)—104 AM% T =
crupTa, 100 MIL. | 30c.

OyTHIILIEIIIO30JIbBA.

Cy1ecTByolme crocoObl MOJMPOBAHUS OCHOBAaHBI HA MEXAHHMYECKOM HIIH

AIEKTPOXUMHUUYECKOM CIIOCO0E yNajeHus maTepuaia, JMOo Ha WX KOMOWHAIIWU.
Mexanuueckoe IMOJIMPOBAaHUE BEAyT Ha MOJIUPOBATHHOM CTAaHKE, TUCK KOTOPOTO

oOTsiHYT TKaHblO ((eTp, OapxaT, ToHKOe cykHO). Ha Tkanp Hanocst macty ['OU

86



WM TIEPUOANYECKH TIOJMBAIOT €€ CYCIIEH3UeH, colepikalieil Menkue abpa3uBHBIC
JacTUIlbl (OKUCH AIFOMHHHS, XpOMa, *keje3a U T. J.). XOPOIIUM TOJUPYIOUUM
MaTEpUaJIOM SIBIISIOTCS aIMa3HbIE MACTHI, COJIEPIKAINe aIMa3HbIe MUKPOIIOPOIIKU
ACM wm AM. Ilacty HaHocAT Ha OyMaXXHBIM JHCT, 3aKpPEIUICHHBIH Ha
BpallamiieMcss JTUCKe, WIM Ha TKaHb. Korjga mnoBepxHOCTH MpHOOpeTaeT
3epKalbHBIM  OJieck,  MOJMpPOBaHME  Mpekpam@arT. Ha  KadecTBEeHHO
OTIIOJIUPOBAHHOM  MHKpouumide Tmpu  HAOMIOJEHWHW TOJ  MHUKPOCKOIIOM
OTCYTCTBYIOT PUCKH, I[aPAMUHBI, BHIPBIBBI (XBOCTHI).

Muxkpomud nTpoMBIBAIOT BOJON WM CHUPTOM, MPOCYIIMBAIOT CKATHIM BO3IYXOM
win  GuIbTpoBaibHOM Oymaroil. BecbMma d3(QQEKTUBHO 3IEKTPOXUMUYECKOE
MOJIMPOBAHKME, OCHOBAHHOE HA aHOJHOM PACTBOPEHMM BBICTYNOB HUIM(OBAHHOM
MOBEPXHOCTU B rajbBaHW4eckoil BaHHe. OOpaszern; (aHOa) W B OOJBIIMHCTBE
CJIy4aeB ayCTEHUTHYIO KOPPO3UOHHO-CTOMKYIO CTalb (KaTOJ) OMyCKAaIOT B BaHHY C
anekTposutoM. [lpu mpomyckaHuM TOKa BBICTYTNBI NUIM(OBAHHON MOBEPXHOCTU
PacTBOPSIOTCS, IOBEPXHOCTh CTAHOBUTCS 3€PKaJIbHOM.

[Tocne monupoBaHusl MO MHUKPOCKOIIOM CHayajia M3ydaloT HETPaBJICHBIA HUIH(,
3aTEM - MPOTPABJICHHBIN.

[Ipn w3yueHuum HeTpaBieHOr0 NUIM(Aa MOXKHO OOHAPYXKHUTH  PaA3TUYHBIC
mukponedektel. HaOmiomaemple Ha 1uMde pa3IUYHOTO IBETAa  YYaCTKHU
HEOOJBIINX Pa3MEpPOB TPEJACTABISIOT COOOM HEMETaUIMYECKUe BKIIIOUEHUS
(oxkcuapl, CynbGUIbl, CUIUKATHI), KOTOPHIE YXYIIIAIOT MEXaHUYECKHUE CBOMCTBA
CIUIaBOB. BBISBICHHBIE TMPU MUKPOAHATU3E pa3Mephbl BKIIOYEHUH, uX (opmy,
COJIep’)KaHue U XapaKTep paclpe/eNieHus UX B CTalIM OIIEHUBAIOT IO IIKaie 0ayioB
o 'OCT 1778-70 u nenarot BBIBOJ O MPUTOJHOCTH CTAJIM AJII U3TOTOBJICHUS TEX

VI UHBIX JIeTaJIeH.
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Tabnuna 3 - PeakTuBbl A5 TpaBIeHUS MUKPOILIH(OB

on Peakrus

§

K Ha3HA4YCeHUE coCTaB

1 BrisiBieHue CTpykTypbl ctaned, B ToM uucie | 1...5 w1 a3otHoM kuciotel, 100 M.
nocine TEPMUYECKOM WIn XMUMHKO- | 3TUIIOBOTO cnupra (peaxkTuB
TEpPMUYECKOW 00pabOTKH, YYT'YHOB, Maruusi. | Pxemorapckoro).

2 BrisiBienue cTpyKTypbl pasnuysbix craned, | 0,5...6 T. nmukpuHOBOM KucinoTel, 100 M.
9YT'YHOB, ()eppOCILIIaBOB. STHJIOBOTO CIHPTA.

3 BoisiBieHue  CTpyKTypbl — KOppO3WOHHO- | 30 MII. a30THOM KHCJIOTHI, 20 MJI. YKCYCHOIO
CTOMKHMX CTaliedl C BBICOKHM COJIEp)KaHHEM | aHrMapuaa*.

HUKeNd W KoOanbTa, a TaKXkKe CTPYKTYpHI
CIJIABOB HUKEJIS.

4 BrisiBieHne CTPYKTYpbl BBICOKOXPOMHUCTBIX | 3 MI. a30THOM KUCJIOTHI, 10 M. cosstHON
KOPPO3UOHHO-CTOMKHMX CTaJIeH. kucaoThl, 100 Mi1. 3THIIOBOrO COMpTA.

5 BroisBienne kapOumoB, BoabdpamuzoB B | 10 r. KanMeBOM CONM TeKcalMaHOXKEeIe3HOU
CTAIIX M CTPYKTYPhl BBICOKOJICTHPOBAHHBIX | KUCIOTHI (KpacHas KpoBsiHas coib), 10 T.
XPOMOHHUKEJEBBIX CTaJICH. eakoro kamus, 100 M. ITUCTMILUTMPOBAHHOMU

BOJIbI (peakTuB Mypakami).

6 BroisBnenue  crpykTypsl  HukeneBbiXx M | 20 1. cepHokucioi Menu, 100 mu. consHOU
KOOAJIbTOBBIX  CIUIABOB, KOPPO3HOHHO- | KUCIOThI, 100 MII. IUCTHIIIMPOBAHHON BOJIBI
CTOMKHX M >KapONPOYHBIX CTaJICH. (peaxtuB Mapb6uie).

7 BrisiBieHre cTpyKTyphl MM U €€ CIUIaBOB. | 5 MIL. XJIOPHOro xene3a, 10 M. consHON

KUCJIOThI, 100 MII. JUCTUIUIMPOBAHHOW BOJIBI.

8 BeisiBieHHE CTPYKTYpBl THTAHOBBIX CIUIABOB. | 5 ML IUIaBUKOBOM KuCIOTHI (48%-5), 100

MIL. TUCTHJIJTUPOBAHHOMN BOJIBL

9 BhisiBieHHEe  CTPYKTYpbl — aIIOMHUHHMEBBIX | 5 M. IUIaBUKOBOM KucioTel (48%-s), 100

CILJIABOB. MJL. JUCTHJLZTUPOBAHHOMN BOBI.

* PeakTHB HAaHOCSAT BaTHBIM TaMIIOHOM.

UYepHble BKIIOUEHHUs OONBIINX pPAa3MEPOB TUIACTUHYATON, XJIOMBEBUIHOW WU

IapOBUAHON (QOpMBI, OOHApY)KMBa€Mble B UyTyHaX, TMPEACTABISIOT COOOU

BbIIeNieHus rpaduta. Uem Oosbllie AUCTIEPCHOCTh U U30JIMPOBAHHOCTH TPa(UTHBIX
BKJIFOUCHUM,

4€M COBCPHICHHCC HMX TI'COMCTPHYCCKAA TCM  BBIIIC

dopma,

MEXaHUYECKHE CBOMCTBA YYyT'YHOB.

[Toce mpocMoOTpa HETPABIEHOTO MHUKpOUUIH(a €ro MOJABEPralT TpPaBICHUIO,

KOTOpOE TMPOBOJAT B OONBIIMHCTBE CIydyaeB IMOrpykeHueM nummda B

COOTBETCTBYIOIIMI peakTuB (Tabmuima 3). [IpoaoKuTenbHOCTh TPABICHHUS MOKET

COCTAaBJATh OT HCCKOJIBKHX CCKYHI OO0 HCCKOJIBKUX MHHYT B 3aBUCHUMOCTH OT €TI0
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OCHOBaHMS MHKpockomna (6-1) B TMOJIO)KEHHE, COOTBETCTBYIOIIEE MHUHHUMAILHOMY

YPOBHIO OCBCIICHHOCTHU, BKIIIOUHUTC MHKPOCKOII.
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MOJIHOCTBIO OBIIO BHJIHO B OKYJISIpax M J0OeHTech, 4TOOBI IIEHTP CBETOBOTO IISITHA
COBIIAJAJI C LIEHTPOM H300paKeHHs, BUAUMOTO B OKYJsipax (Kak MMOKa3aHO B PHC.
18). OtkpoiiTe quadparmy MOITHOCTHIO.

*  Ortkpoiite nmonHOCTHIO quadparmy (6-16), yctaHOBUTE OJUH U3 CBETOMUIHTPOB
B pabouee monoxenue (6-15).

+ JloGeliTech MaKCHMAJIBHO SIPKOTO CBETA, Bpalllas PyYKH HACTPOUKHU TOJIOKEHUS
JaMIIbl OCBETHTEIHLHOTO OJI0KA.

4.2. Ucnonb30BaHrEe KOJbIA PETYIMPOBKU KECTKOCTU XOJa M OTPAHUYHUTENS XOja
rpy6oit (hoKyCHpOBKH.

 Ilpu pnutenbHOM paboTe Ha MHKPOCKONE MOXET TMpOoMaaaTh pPe3KOCTb
M300paKEHUs] WU3-3a «CKaThIBaHUS» OOBEKTUBOB BHM3. [l mpesoTBparieHus
norepu  (POKYCUPOBKM HMEETCS BO3MOXKHOCTH PEryJMpOBaTh >KECTKOCTh XOja
PEBOJILBEPHOTO yCTpoiicTBa. KONBIIO perymupoBKH KECTKOCTH XOJa HAXOIUTCS Ha
MPaBOU PYUKE KOAKCHAIbHON (hOKYCHPOBKH.

OrpaHuyuTenb xoJia rpy0oii (OKyCHPOBKH HAXOJUTCS Ha
MIPOTUBOMIONIOKHON CTOPOHE OT KOJbIA PETYJIUPOBKU KECTKOCTH XOJa, Ha JIEBOM
pyuke KOakcHanbHOM  (oKycupoBkH. OrpaHudMTens XO0Ja MOXET  OBbITh
WCIIOJIb30BaH JJIsi OBICTPOTO BO3Bpara B pabodee MOJIOKEHHE OOBEKTHBA TOCIE
HEeoOXoauMOM PAcOKYCHPOBKH WM C IEIbI0 TPEIOTBpAIeHUs OOBEKTHBA BO
BpeMsi pabOTHI.

 Jlia WCHONB30BaHUS OTPAHUUUTENS TOJNyYUTE€ UYETKoe M300pakeHne B
o0BbekTUBe Wi (HOTO/BUACO MPUHAMTICKHOCTH, a 3aT€M 3aTSHUTE (HE MPHUKIIaAbIBas
Ype3MEPHBIX YCUIIUIN) OTPaHUYUTENb (U1 ATOTO TOTSIHUTE PYUYKY OTpaHUYUTENs Ha
ce0s 10 yropa).

* Takum 00pa3zom, BbI MOJIyYUTE BEPXHUU Tpenien nepemenienns oobekTuBoB. He
NPUKIAbIBAiiTe  OONBIIMX YCUIMH TpH  JOCTIXKEHHH BEPXHEro Ipejaena
MEPEMEILIEHUS, 3TO MOXKET CIIOMaTh MEXaHU3M OTPaHUYUTEIIS.

* UYroObl CHAT, BEPXHUU TpeAeNl TMepeMelIeHUusT OObEKTHBOB, BEPHUTE
OTPaHUYHTEIh B UCXOJHOE TOJIOKEHHUE.

4.3. I[Tonspuzanus ceera
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B HEKoTOphIX UCCIe0BaHUSAX HEOOXOUMO HCIIOJIb30BAHUE MOJIIPU30BAHHOTO
ceeta. Meramiorpadpuueckuii mukpockon Anpramu MET 1 maer Takyto
BO3MOXKHOCTb.

YcTaHoBHUTE aHAIM3ATOP U MOJIIPU3ATOP B CHEIMATBHBIC IIEJIEBbIE OTBEPCTHS,

KaK MOKa3aHo Ha puC. 2 JI0 yIopa.

Bpammaiite konpiio aHanuzaTopa A0 MOTYYEHUS NU300paKeHHUs.

4.4. ®oro/Buzeo npuHaAIEKHOCTH i udpoBoro komruiekca Ansramu MET 1.
Metamnorpaduueckuit mukpockon Ansramu MET 1 ocHamieH crenuaibHBIM
BBIBOJIOM JUISI TTOAKIIOUEHUS (POTO/BUICO YCTPONCTB.

s noJIKIItoueHus: (oToanmapara HEOOXOJUMO CHATh MPEJOXPAHUTEITHLHOE
KoJIbIIO ¢ (hoTOBBIXOAA MUKpockona. CoBmectute ¢oToamantep, MOCTABISIEMbIN
B KOMILJIEKTE, ¢ (QoroanmapatoM U OCTOPOKHO MPHUKPYTUTE (oToammapar ¢
dotoamantepoM K (POTOBBIXOTY MUKPOCKOIIA.

Jl1st Toro 9ToOBI MOXKHO OBLIO MPOU3BOJIUTH (POTO/BUIEO CHEMKY HCCIIETYyEMOTO
00BbEeKTa Yepe3 CHeluaIbHbI BBIBOJ, HEOOXOIMMO TOJHOCTHIO BBIIBUHYTH phIUar
(6-5 cm. puc. 16). IIpu sToM H300pakeHnE B OKYJISIpax MPOIMAIET.

Bxmrounte dortokamepy. Ha KK skpane dotokamepsl OyneT BUAHO HCCIIETyEeMbIi
00bekT. DOKycHpOBKa i OKYJISpOB M (OTOKaMephl HE BCErJa COBIMATACT B
TOYHOCTH, TO3TOMY HEOOXOIUMO TOJCTPOUTHh (HOKYCHUPOBKY, YTOOBI TOITYYHUThH
pe3koe u3o0paxkeHne Ha POTOCHUMKE.

[locne moxacTpolik (OKYCHPOBKM MHUKPOCKONAa U BbIOOpa HEOOXOAMMOIO
yBenuueHus Ha (¢GoTokamepe mnpousBenute (orocvemky. g GpoTocheMKH
PEKOMEHIyEeTCsI UCTIOIb30BaTh JUO0 MUCTAHIIMOHHBIA MYJbT, MO0 MPOTrpaMMy IS
ynpaBieHus: (OTOKaMepol C KOMITbIOTepa, 4YTOObl HE HAXKUMaTh HAa KHOIKY
dboToanmapara Bpy4HY0, YTO MOXKET CO3/1aTh BHOpaiuio (oroamnmapara ¥ CHU3HUTH
KauecTBa MOTy4aeMoro H300paskeHusl.

4.5. 3aMmeHa naMIibl OCBEIICHHUS.

Jlnig Havama, OTKIIIOYUTE DJIEKTPONUTAHUE MUKPOCKOIIA U BBIHBTE IIHYP U3 PO3ETKH.
BriBepHHTE BHUHTHI KpEIUICHHS OCBETHUTEIHHOTO OJOKa W OTAEIUTE OJIOK OT

MUKpockomna. OcTopokHO 3ameHuTe jdammny. He ocTaBisiiTe Ha ycTaHaBIMBAaE€MOM
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Jamme Tps3d M OTIEYATKOB. YCTAaHOBUTE OCBETUTENbHBIM OJIOK HAa MECTO H
MPUKPYTUTE €r0 BUHTAMU KPETUICHHUS.
4.6. Ilocne oxoH4yaHHsI pabOTHI HA MHKPOCKOIE, BBIKIIOYUTE MHKPOCKOII,
BBIHBT€ BWJIKY W3 PO3ETKM M HAKPOWTE MHUKPOCKON 3aIUTHBIM YeXJIOM
(ocTaBisieTCsl B KOMIUIEKTE).

PaccmoTpum YCTPOMCTBO MeTaJIOrpaQuuecKoro BEPTUKATBHOTO
mukpockona MUM - 7 u npaBuna pabotel ¢ HUM. [l0 pacmosoKeHHI0 OCHOBHBIX
y370B paznuyaoT Beptukaibheie (MUM-7, MMP-2P, MMP-4, MMYV-3) wu
ropuzoHTasmbHeie (MUM-8M, MUM-9, Neophot-21) wmertamnorpadpudeckue
MUKPOCKOTIBI.

OOmiee yBenWYeHHWE MHUKPOCKOMA TMPH BU3YAJIbHOM PACCMOTPEHUH  PaBHO
MIPOU3BEACHUIO YBEIIMUEHUSI OOBEKTUBA U OKYJIsIpa:
Vo = Vob Vok =250-//(FoxF ),
rae / - ontudeckas anuHa TyOyca, m.; Fob, Fox - dhokycHble paccTosiHus 00BEKTHBA
U OKYJIpa, M.
Baxxnas xapakTtepucTika MHUKPOCKOIIA - pasperniaronias cnocooHocts (PC, m~
ero omnrtudeckord cuctembl. [lom paspernaromnieid CrOCOOHOCTHIO MOHUMAIOT
BEJIMYMHY, OOpaTHY0 MHHHMAJILHOMY pPAacCTOSHUIO dyln MEXAy IBYMs TOYKaMH,
KOT'/Ia OHM €I1le BUJHBI pa3/IeIbHO:
PC = I/dmn = 2n sin a/X =2 A/A,,
rae n - KodpGUIUEHT TPETOMIICHUS IS CPellbl MEXIy OOBEKTOM M (PpOHTAIBHOU
JUH30M OOBEKTHBa, a - TMIOJIOBUHA OTBEPCTHOTO yria (QPOHTAIBHOU JIMH3BI
00BbEeKTHBA, X - IJTUHA BOJIHBI CBETA, M.; A - UHCIIOBAs anepTypa.

UeMm wMeHbIle aOCoOIIOTHOE 3HaueHWe a, TeM Beime PC  cucremsi,

JocTUraromas Makcumyma npu A =1,5 u X = 6-10~"m:
PCrax = 2-1,5/(6-10-") = 5-10° m-'.

Muxkpouuingsl 00bIMHO NPOCMATPUBAIOT B BO3AYIIHOMW cpeae (n = 1)
[TomecTuB MeXIy OOBEKTOM U (PPOHTAIHLHOU JTUH30M O0BEKTUBA CPEy C OOJBIINM
MoKa3aTesieM MpeOMIICHUs (HalpuMep, KaIumio KeapoBoro macia, n = 1,52), MoxxHO

JOCTUYh MAKCUMAJIBHBIX YBEIMYCHHS U pa3peniaroiei crnocoOHOCTH.
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MaxkcuManbHOE TI0JIE3HOE YBEIWYEHHWE MHKPOCKOMaA, T.. YyBEJIHYEHHEe, Npu
KOTOPOM BBISIBJISIIOTCSL IETANIA CTPYKTYPHI, Ompeensercs no hopmyie
V,, PCmax/PCr,
rne PCr = 1 / d; — MakcumanibHas paszpemaroiasi CrioCOOHOCTh YE€I0BEYECKOTO
rimaza, M"'. B paccMaTpuBacMoM ciiydae
V, = 5-10%/(3-10%) = 1500.

KauecTBenHoe wu300pakeHHe MHKPOCTPYKTYPbl 0O€creuynuBaeTcs, Korjaa
olmiee yBEJIWYEHUE OINTHYECKOW CHUCTEMbl HE TMPEBBIIIAET €€ MOJE3HOTO
yBenuuenus. [locnennee s BHIMMOTO CBeTa B JAHHOW CHUCTEME NPUHUMAIOT
paBabiM 500... 1000 anmeptyp B3aToro oobekTuBa. KauecTBo M300paxeHus 3aBUCUT
TaKkK€ U OT CTENEHH KOPPEKIMH OIIHMOOK H300pakeHUd (reoMeTpUyYecKor Wiu
XpOMAaTHYECKOM abeppalun).

PaccmotpuMm ycrpoiictBo metaimorpadguueckoro Mukpockona MUM-7 (puc. 19).
OH CcOCTOMT W3 CIEIYIONIMX OCHOBHBIX CHUCTEM: OITUYECKOM, OCBETUTEIILHON C
doTtorpaduyeckoil anmnaparypoi 1 MEXaHU4ECKOH.

OnTuyeckas cucTeMa MHUKPOCKOMA BKIIOYAeT OOBEKTUB W OKYJSP, OT KOTOPBIX
3aBUCHUT yBEJIMUYEHUE MHUKPOCKOMA, W PsJ BCIIOMOTATEIbHBIX 3JIEMEHTOB (TIPU3MBI,
3epkana, JuH3bI U Ap.) OOBEKTUB, NPEACTABISIIONIMK COO0M CIOKHOE COYeTaHue
JUH3,  JaeT  JICUCTBUTENbHOE  YBEIMYEHHOE  OOpaTHOe  H300pakeHue
MUKpPOCTPYKTYpbl Mukpouutuda. OKyJIgp COCTOUT U3 HECKOJbKUX JIMH3 U
MpelHa3HauYeH Ui YBEIUYCHHUsS] HW300paKeHHs, MOJy4YEHHOTO OOBEKTHBOM, H
npeoOpa3oBaHus €ro u3 oOparHoro B mnpsmoe. B Ttabmume 5 coxmepxkarcs
XapaKTePUCTUKU OOBEKTUBOB M OKYJIAPOB it Mukpockona MUM-7 u co3naBaemblie

HM YBCINYCHHUA.
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Puc. 19. O6uwmii Bux mukpockona MUM- 7.

1 - ocHoBanme; 2 - kopmyc; 3 - ¢oTokamepa; 4 - MUKPOMETPUYECKHH BHUHT; 5 -BU3yaJbHBII
TyOycC ¢ OKyIsipoM; 6 - pyKOsITKa WTIOMUHATOpA; 7 - WUTFOMUHATOP; 8 - MPEAMETHBIN CTONIUK; 9
- ki1emmbl; 10 - BUHTBI mepeMeneHus: cTonuka; 11 - MmakpomMeTpuueckui BUHT;, 12 - OCBETUTEIb;
13 - pykosiTka cBeTOGMIBTPOB 14 - CTOMOpPHOE YCTPOMCTBO OCBETUTENS; 15 - pamka ¢ MaTOBBIM
CTEKJIOM.

B OCBCTUTCIIbHYIO CHCTCMY MHKPOCKOIIA BXOJAT HCTOYHHUK CBCTA, CCPUA JIMH3,

cBeTodmIbTpoB U auadparm. McrounukoM cBeta siBisieTcs: dnekTpudeckas gamma (17

B), BkiItouaemas B ceTh uepe3 MOHKAIONTIN TpaHchopmarop.

Yacte cBera, uznyyaemoro Jyammoi 18 (puc. 20), mpoxomur yepe3 koyuiektop 17,
ceeropmsTp 19 Ha 3epkano 20 u ganee yepes TuH3y 16, aneptypHyto quadparmy 15,
muHzy 14, moneByto muadparmy 12, menranpusmy 11, nuazy 10 moctymaer Ha
IJIOCKOIIAPAIUIEIBHYI0 OTPaXKaTeJIbHYIO IUIACTUHKY 7. IlnmacTtuHka 7 mosympospadHas,
TPOMYCKAEeT OKONO /3 CBETOBOTO IOTOKA H JHIIb OKOIO 1/3 ero orpakaer Ha
00beKTUB §, KOTOpBIH (HOKYCHpyeT Jydyd Ha TOBEPXHOCTH MuKporumda 9.
OTtpaxkeHHBIE OT OOBEKTA JIy4d MPOXOMAT uepe3 OOBEKTHB &, TUIOCKOMapaIebHYIO
IUTACTUHKY 7, aXpOMAaTUYECKYIO0 JUH3Y O, 3epKajio 5, OKyJsip 4 U MOMaJaroT B IJia3
nabmonarens. Jns ¢ororpadpupoBanus TyOyc ¢ OKymapoM 4 U 3epkaJoM S

BBIJIBUTAIOT, W JIy4H MPOXOT Yepe3 OAuH U3 Tpex (HoTookynsapoB 3 Ha 3epkajio 1 u
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(GOTOIIACTUHKY WM MaTOBble cTekiIa 2. OKCHOHHUPOBAHUE OCYIIECTBISIIOT C

nomoInkko gortozarsopa 13.

Tabmuna. 5 - YBenuuenue mukpockona MIUM-7

XapaKTepHCTUKA YBenuueHue oxyJspa
00BEKTHBOB

MIPY BU3YAIbHOM HaOIOICHUN npu ¢poTorpadpupoBaHIH
F, Mm. A T* 10* 15% 20* T* 10* 15%
23,17 0,17 60 90 130 170 70 120 160
13,89 0,30 100 140 200 300 115 200 270
8,16 0,37 170 240 360 500 200 340 450
6,16 0,65 320 500 650 440 600
2,77 1,25 500 720 1080 1440 575 1000 1350

[Ilpumevanusa. A - yucrnoBas amneptypa; F - QokycHoe paccrosiHue.

3Be3710uka 0003HAYAET KPATHOCTh YBETUUYCHUS OKYJISApA.

Mexanuueckass cucTeMa MHMKPOCKONA  BKJIIOYAa€T  MAaKpPOBHUHT, CTOIOPHOE
YCTPOMCTBO [Isi HEro (CTOMOpP), MUKPOBUHT, MPEAMETHBI CTOJIMK C JBYyMS
BUHTaMU, KOPIYC, IITATUB U P APYTUX DJIEMEHTOB.

PaGory Ha MUKpOCKONE pEKOMEHIYEeTCsl MPOBOAUTH TakuM oOpasoMm. Ha
NpeAMETHBIM CTOMMK & (cM. puc. 19) Ham mpopes3bpio IMOMEMAT obpasell,
OoOpallleHHBbI TOJIMPOBAHHONW TIOBEPXHOCTHIO K OOBEKTHBY. 3aTeM BKIIOYAIOT
MHUKPOCKOII B 3JIEKTPOCETh, YCTaHABIMBAS MPU ATOM HEOOXOJMMBINA HAKaJl JIAMIIbI
OCBEIIEHUs. 3aTeM, OMYCTUB PYKOSTKY CTOMOpPA, IUIABHBIM BpallleHuEM MaKpOBHHTA
11 mnogHMMAT WIM OMYCKAIOT TPEIMETHBIM CTOJMUK, YeM 00eCleYrBaIoT
npubnu3uTenbHoe ¢GokycupoBanue. [Ipu ATOM HENpephIBHO BEAyT HAONIOICHUE B
okyssip. [lpubmkeHue TOBEPXHOCTH MUKpouuiuda K (OKAIBHON IUIOCKOCTU
XapaKTepU3yeTCsi 3HAYUTEIBHBIM POCTOM  OCBEIICHHOCTH TIOJISI 3pEHUs W
MOSIBJICHUEM HW300paxXeHUs] MUKPOCTPYKTYpHI. 3aTeM, MPUICP>KUBas MPaBOH PyKOM
MaKpOBUHT, JIEBOU - cTONOpAT ero. TouHoe (hoKycHpoBaHHE MPOBOISIT BpaICHHEM

MukpoBuHTa 4. IlepeMeiass mpeAMETHBIA CTOJMK C IOMOIIGIO BUHTOB 10 B
99




TOPU30HTAJIBHOM IUIOCKOCTH B JIByX B3aUMHO NEPIEHIMKYJISIPHBIX HAIPABJICHUAX,
MOKHO H3yYdTh pa3d4yHble ydacTku Mukpouumda. Perymupys nuadparmy wu
CBETO(PHUIIBTPHI, YCTAHABIMBAIOT TaKU€ HMHTEHCUBHOCTh U KOHTPACTHOCTH CBETA,
KOTOpBIE 00€CIeYnBaIOT HEOOXOAMMOE KadeCTBO H300pa)KeHHs MPU HaWMEHBIIEH
YTOMJISIEMOCTH TJIa3a.

N3ydenne mpoTpaBieHHOTO NnUTHda MOo3BOJIAET peliaTh psij 3a7a4 MpU aHaIn3e
MUKPOCTPYKTYPHOT'O CTPOEHHMSI MeTajljla WK civiaBa. CHavyaia OCTaHOBUMCS Ha

OINpEJEICHUH pa3Mepa 3epHa.

W3meputh paszmep Kakoro-iub0 MHUKPOCKOIUYECKOTO OOBEKTa, HAMPUMEpP 3€pHa
MeTajla, MOKHO C IMOMOUIBI0 OKYJIApa-MUKPOMETpa, T. €. OKYyJsipa, B KOTOPBII
BCTaBJIeHA IJIACTHHKA C JHUHEWKou. [Ipexne yem HayaTh U3MEpEeHHe, HEOOXOIMMO
OTIPEICTUTh IIEHY JCNICHUsI OKYJsIpa-MUKpPOMETpa MpH BhIOpaHHOM oObekTuBe. Ha
MPEIMETHBIN CTOJUK KJIATyT 00BEKT-MUKPOMETP (ITaJOHHAs MJIACTHUHKA, KAXKI0E U3
100 memeHmii mKamdel KOTOpOil cooTBerctByeT 10~ Mm). ITocme (oKyCHpOBaHHS
COBMEIIAIOT 00€ IIKaJbl B TOJOKEHUHU, TMOKa3aHHOM Ha puc. 21 (moBopauuBas
OKyJIIp M Bpamiasi BUHTBl MPEIMETHOIO CTOJIMKA). 3aTEM OIPENENSIOT, CKOJBKO
JIeNIEHU 1IKajdbl 00BEKTa-MUKPOMETpa COBMAJAET C JICJICHHUSIMH IIKAIbl OKYJIsIpa-
Mukpomerpa. [lpu 3ToM HE0OX0IMMO MPUHUMATh BO BHHUMAaHHE BCIO OKYJSPHYIO
mkany. Hampumep, npu nanHom oObektuBe 100 nmenenuii oObEKTa-MUKPOMETpa
coBnaaaer ¢ 61 memeHueM OKyisipa-MUKpoMeTpa. LleHy neneHust miKaibl OKyJispa-
MUKpoMeTpa (M) onpenernseM 1o popmyie
Lok = 1o A/B,

rae 100 - mena nenenust mkamsl oObekTa-mukpomerpa (0,01 mm); A - yucno
COBMEIIIEHHBIX JIEJICHUI 0O0BEKTa-MUKPOMETpA; B - 4MCIIO COBMEIIEHHBIX NENeHUN
OKYJISIpa-MHUKPOMETDA.

IToacTaBUB YMCIIOBBIE 3HAYEHUS, [TOIYyYaEM

Lok = 0,0MO"*-100/61 = 1,64- 10~ m.
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Puc. 20. Onrtuueckas cuctema Mukpockomna Puc. 21. Cxema omnpeneneHus UEHBI ACICHUS
MUM-7 OKyJIsIpa:

a - MIKaJja O6’beKTa-MI/IKp0MeTpa; 0- mKama
OKYJIIpa-MUKpOMETpPa
Tenepp, 3Has LEHY JENEHUS W JJIMHY BCEU JIMHEMKU OKYJISIpA-MUKPOMETpA, IpHU
JTAHHOM YBEJIMYEHUH MOXHO H3MEpPUTh pa3Mep IT00ro MHKpooObekTa (3epHa,
1 Gy3UOHHOTO CIIOsI, AJTUHBI TpaUTHOTO BKIIOYEHHUS W T. 1.). Pasmep 3epHa -

CpeIHHMI pa3Mep CIy4alHbIX CEYEeHHWH 3epeH B IUIOCKOCTH MHUKpoluiuda -

onpenensaoT B coorBeTcTBUM ¢ I'OCT 6539 - 82 cneayrommumu MeToaaMu:
1) BU3yanbHOro CpaBHEHHUS C ITAIOHHBIMU LIKAJIaAMU;

2) mojcueTa Yrciia NepeceyeHnil rpaHull 3epeH OTPe3KaMH Kbl

3) mojicyeTa KOJIMYECTBA 3€PEH, MPUXOISAIIUXCS HA €AUHUILY TJIOMAJN TOBEPXHOCTH;

4) u3mepeHus IJIMH XOP/I.
PaccMoTpuM CyIIHOCTH MEpBBIX ABYX HanOolsiee MPOCTHIX METOAOB. M300pakeHus
HECKOJIbKUX TUIIUYHBIX MECT, HaOJI0JaeMble B OKYJSpe, HA MAaTOBOM CTEKIIC WM
3aukcupoBannbie Ha (orocHuMke mpu 100-KpaTHOM YBETUYEHHMH MHKPOCKOIIA,

CpaBHHUBAIOT C 3TaJIOHAMH H, OTBICKAB aHAJIOT, OIIPCACIIAIOT HOMCP 3CpPHA. Ecau
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MOCJICTHUI BBIXOJUT 3a Tpeelibl 2... 10 HOMepoB, HCIOIB3YIOT IPYTHE YBEITHYCHHUS

W Ja”HHble Tadauie o.

Tabnuma 6 - [lepecuer HOMepa 3epHA HA CTAaHAAPTHOE YBEITUUYCHUE

(X 100)

Howmep 3epna npu yBenuuenuu B 100 pa3

302 -1/0 |1 |2 (3 /4 5 |6 |7 |8 |9 |10]11]|12]13]| 14

VBenu-
YEeHUE

25 1 (2 /3 /4 /5 /6 |7 |8 |9 |10

50 1 (2 /3 /4 |5 |6 |7 8 |9 |10

200 1 (2 /3 /4 /5 /6 (7 8 |9 |10

400 1 /2 /3 /4 |5 /6 |7 8 |9 |10
800 1 /2 |3 /4 |5 6 |7 |8

CymHOCTh BTOPOTO METO/JAa COCTOMT B IMOJCUETE YHUCIIA 3€pPEeH, IMePECeUEHHBIX
cepuell OTPE3KOB MIKAIbl PaBHOW JUIMHBI, U B OMPEJCIICHUU CPEIHEr0 YCIOBHOTO
auaMeTpa, T. €. YacTHOTO OT JIeJICHHs CyMMbI JJIMH BCEX OTPE3KOB HAa YHCIIO
MEpPEeCeUeHHBIX 3epeH. Pa3mep 3epHa 3TUM METOJOM OIPENENSIOT, HaIlpHUMep,
cinenyromuM obpazoM. [lomoOpaB Takoe yBeaWdYeHHE, 4YTOOBI Ha HCCIETyEeMOM
NMoBepxHOCTU ObUIO He MeHee S50 3epeH, a JMHEWKa OKYJsIpa-MUKPOMETpa
nepecekana He MeHee 10 3epeH (3epHa HAa KOHIAX JMHEHKH, HE TEpPEeceueHHBIC
[EJTMKOM, TPUHHUMAIOT 32 OJIHO), MOJCUUTHIBAIOT YHMCIIO IMEPECEUCHHBIX JTMHEHKOM
3epeH. IlpoBens pacder s JBYX B3aWMHO MEPHEHAUKYISIPHBIX OTPE3KOB,
MOBTOPSIIOT €r0 HE MEHee uYeM I MATH XapakTepHbIX MecT numda. 3atem,
pa3llenuB CyMMAapHyIO JIMHY BCEX OTPE3KOB HA YHUCJIO IMEPECEUYeHUl (3€peH),
noJy4aroT cpeaHuil ycnoBHbIl auametp 3epHa u no 'OCT 5639-82 omnpenenstor

IIOMCp 3C€pHA.

Yno0HO ompenensaTh pa3Mep 3€pHa C HCIOIb30BAaHHMEM HOMOIPAMMBI (PHLC.

22), MO0 KOTOPOM MOXKHO YCTAaHOBUTHb 3aBUCUMOCTb MEXKAY CPEIHUM pPa3MepoM
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3epHa (MKM), 9MCIOM 3epeH Ha 1| MM® IUlomamd uuikda ¥ HOMEPOM 3epHA.
Hampumep, mpu cpegHeM Auamerpe 3epHa 45 MKM Ha IUIomamgd | MM’ HAaXOMHUTCS
500 3epeH, COOTBETCTBYIOLIUX HOMEpPY 6.

Pa3smep 3epHa MOXHO ONpPENENWTh TAaKKE METOJOM IUIOIIA[eH, KOorjaa
MOJICYUTHIBAIOT YHUCIIO 3€PEH, MPUXOANINXCA HA €IUHUILY TUIONIAJNA MOBEPXHOCTU
nunda. BeceMa >PQexkTUBHO i MONMYYEHHS] KOJIMYECTBEHHBIX XapaKTEPUCTHUK
CTPYKTYpHI (pa3mep 3epeH, uncio (a3 u ux pacrpeneicHiue B MeTalljie 10 BEJTUYHNHE

u ¢opMe) WHCMOIH30BAHUE ABTOMATHUYECKHX aHAIU3aTOPOB CTPYKTYpHl THIIA

«KBanTuMeT».
o 63000
5.6 ,I 1500
8 16000
a,z 8000
16 1110\
2000 £
S / 1000 %
i5 / 500 S
/ 250
& 90 I 125 n
§,25 A 65 J
,80 A 51,5
A . 16
4 ]
A | .

0001 2 J 4567 S 3 1011 1215
6ann no 3epHy

Kpynnoe 3epno Menikoe 3epHo

Puc. 22. Homorpamma 1151 onipeiesieHus: pa3Mepa 3epHa

Ot pa3mepa 3epHa B 3HAYUTEIBHOW CTENEHU 3aBUCSIT CBOWCTBA MeTauia. Tak,
MEJIKO3EPHHUCTBIN MeTaul o0iamaeT Oosiee BBICOKUM KOMIUJIEKCOM MEXaHUYECKUX
CBOWMCTB, Y€M KPYIHO3EPHUCTHIN.

MukpoaHanu3 MO3BOJSET TAKXKE ONPEAENATh MUKPOCTPYKTYpY cIuiaBoB. CIUIaBblI,
MEIIJICHHO OXJIaXJAaeMble IPU 3aTBEPACBAHUM WIM OTKUIE, UMEIOT PaBHOBECHBIC
MHUKPOCTPYKTYpPBI, COOTBETCTBYIOIIME MX JHarpaMMmaM COCTOsSiHHsA. Tak, B
CTPYKTYpPYy UYHCTBIX METAUIOB M TBEPHABIX PACTBOPOB BXOIAT CPABHUTEIBHO
OJIMHAKOBBIE TIO0 (hOpMe 3epHA C YCTKMMH T'PAHHMIIAMHU, HalpUMEp, MHUKPOCTPYKTypa

dbeppuTa (cBetabie 3€pHa & -xene3a (Fe«) - puc. 23.





















2. IlpurotoBUTh MUKPOULTU(DHI.

3. IlpoBectn MuKpoaHanu3 cCIUIaBoB. (OxapaKTepu3oBaTh HUX MHUKPOCTPYKTYPY U
¢dazoBsIii cocTaB, choTorpadupoBaTh U 3apUCOBATH MUKPOCTPYKTYPY CILIaBa.

4. CpenaTh BBIBOABI M COCTaBUTh OTYET MO paboTe B COOTBETCTBUU C
BBIIIICYKAa3aHHBIMU MTYHKTaMH 3a/laHui (B OTYETE JOJKHBI OBITh YKa3aHBI: TEMA,
1nenb  paboThl, OOOpYIOBAaHWE M  MaTe€pUaibl, BBHIMOJIHEH  MPOTOKOI
MUKpoaHain3a 1o  ¢GopMe, TOSCHEHUS K  KaXIOW  pacCMOTPEHHOU
MUKPOCTPYKTYpE, UCIOJIb30BaHHAS JIUTEPATYpa).

[Ipu BbITIONTHEHUU JTAOOPATOPHON PAOOTHI MCIOIB30BATh ATNIACKl ¢ (POTOCHUMKAMHU

MUKPOCTPYKTYD.

CnenmyeT MOMHUTH O TOM, YTO MeTaIorpaduueckue MHUKPOCKOMBI - TOYHEIE,

CIIO)KHBIE M JOPOTOCTOSAIIUE MPUOOPHI, MOITOMY O0OpaIaTbcs C HUMH HYXHO

OCTOPO’KHO. 3ampeimiaercss pe3Ko TMepeMemaTh BUHTBI U PYKOSTKH, BpaliaTh

3a)MKCUPOBAHHBIN MAaKpOBUHT, NIPUKACAThCS PyKaMU K JIMH3aM, pa30upaTh y3Jbl U

onTuyeckue netanu. HemomycTumo momajaHue Ha JUH3BI BIArM WJIA PEaKTUBA,

MOTOMY MUKPOLUIH( MOXKHO YCTaHAaBIMBaTh Ha TMPEIMETHBIA CTOJUK TOJIBKO

[IOCJIE TIIATENBHON MPOCYIIKH.

dopMa IpPOTOKOJIa MUKPOAHAIIN3A.

No Mapka matepuaia, Ha6monaemas CocraB BriBoa

ucciacagyemas

n/n CTPYKTYpa TpaBUTENs

3aroToBkKa, HU3ACJIHUC.

JladbopaTtopHasa pabGora Ne3. HcnbITaHMA aBHAIMOHHBIX MATEPHAJIOB Ha
TBEPAOCTH N0 MeToay bpunens

Lenp: nmomydyeHne MPaKTUYECKUX HABBIKOB MCIBITAHUS MATEPUAIOB HA TBEPIOCTh
O6opynoBaHHe U MaTEepPHUAIIBI:

1. Teepnomep bpunenns



2. Muxkpockon otcu€tHbii MIIb-2
3. O6pa3upl I UCTIBITAHUHA
[TocTaHOBKaA 3a1a4M U 3aJJaHUE:
1. M3yunTh METOJ UCIIBITAaHUSI HA TBEPAOCTH 10 bpuHeo
2. Byuuth yCTpOICTBO U pabOTy TBEpIOMEPA
3. IIpoBecTu UCHIBITAHKS MATEPUATIOB Ha TBEPAOCTH
4. Pa3paboTarh 0JIaHK-OTYET MO BBHIOJIHEHOW paboTe, 3aMOIHUTS.
5. Pa3zpaboTaTh KpuTepuu BHIOOpA METO/Ia UCTIBITAHHS HA TBEPIAOCTH
Teopernueckast 4aCTh U1 METOAUYECHE yKa3aHUs
I[Ton ~ TBEpAOCTBIO  MOHUMAKOT  CBOICTBO  Marepuana  CONPOTHUBISTHCSA
MPOHUKHOBEHHIO B HEro Oojee TBEPIOrO HAaKOHEYHWKA (WMHACHTOpPA), HE
MOJTy4YalOIIero OCTaTOuHbIX Aedopmaruii. McnbiTaHuss Ha TBEPAOCTH TOTYUWIH
00JIbIIIOE PACTIPOCTPAHEHHE B TPOMBINIICHHOCTH, T.K. OHH JAalOT BO3MOXHOCTb
M3ydaTh CBOMCTBA MaTrepuaia He TOJBKO Ha OMBITHBIX 00pasliax, HO U HA TOTOBBIX
KOHCTPYKIUAX M JeTansXx. K Tomy e umeeTcs BO3MOXKHOCTb [0 PE3yJIbTaTam
UCIIBITAHUI HAa TBEPAOCTh OMNPENEIUTh BEJIMUYMHY Mpelesaa MPOYHOCTH Marepuana
0e3 MpoBeIeHUs UCTIBITAHUN MaTepuaia Ha PacTshKEHUE.
HaubonsIiee pacnpocTpaHeHue MOTYYHWIA CTATHUECKUE METOJIbI:
a) MetoJ bpuHemsa - BAaBIMBaHUE WHIEHTOPA - CTAJbHOTO 3aKaJIEHHOrO IIApUKa;
rocTo012-59
6) meron Poxsemnma ['OCT 9013-59 - BpaBnmuBaHWe WHACHTOpPA - CTaJbHOTO
IapyKa rnpu KOHTPOJIE MATKUX MAaTEPHAJIOB WM aIMa3HOIO KOHYCa MPHU UCIIBITAHUU
TBEPABIX
B) Meron Bukkepca I'OCT 2999-75 - BpaBiauBaHuE€ HWHJIECHTOpA - aJIMa3HOU
MAPaMU/IbI.

Merton uzmepenus TBEPAOCTH N0 bpunemo
CymHoCTh METO/A 3aKIH0YAETCS BO BJABIMBAHUM WHIEHTOPA - MIAPUKA (CTaIbHOTO
3aKaJIEHHOTO WJIM M3 TBEPJOTO CIjlaBa) B oOpaszel] Wik U3/eue ToJl BO3JACHCTBIEM
Harpy3ku P, mpuiokeHHOW MEepHeHIUKYISIPHO TMOBEPXHOCTH 00pasiia, B TEUYCHUE

onpenenéHHoro BPpCMCHHN W HU3MCPCHHU JHAMCTpa OTIICHYATKa d mocne cHaTUA

in






Harpy3ke 750 Krc W mNpoAOKUTENBHOCTH BBIAEPKKU MOJ Harpy3kod 20 c.
Pa3zMepHOCTh uncia TBEPAOCTU BO BCEX CIIy4asX OMYCKAETCS.

Teépmocte HB i MHOrmx MarepuaiioB CBs3aHa C IpeAenaMyd [POYHOCTHU
SMIIUPUYECKUMH 3aBUCHUMOCTSIMU, HaIIpUMED,

tst ctanei a, = (2,94 ... 3,53) HB, Mlla.

Cnengyer uMeTh B BHUAY, YTO N0 BpUHENIIO HENb3 ONPENENSITh TBEPAOCTh OYCHD
msrkux (HB< 8) u ouens TBEpabIX MaTepuanoB (HB> 450). B msarkux marepuanax
[IApUK TOTPY3UTCS OYEHb TITyOOKO, MaMeTp OThedyaTka OyAeT ONHM30K K JUAMETPy
mapuka D W mepecTaHer CiyXuTb KputepueM TBEpAoctu. Haobopot, ecnwm,
TBEPAOCTh MaTepuasia OyJeT O4YeHb OOJIBIION, BEIWYMHA OTIeYaTKa MOJyYUTCS
MaJeHbKON M Kpas ero OyayT CTOJb HEYETKUMH, YTO HE yAACTCA TOYHO MU3MEPHUThH
IUaMeTp OTIeYaTKa, K TOMY JK€ IIApUK MOXKET MOJIYyYUTh OCTATOYHYIO
nedopMaIlnio, UCKAKAIOUIYI0 Pe3yIbTaThl UCIIBITAHNUS.

VYcnoBus ucnbITaHui U TpeOoBaHMs K oOpasziiaM. MuHMMalbHas TodmKHA o0pasia
JI0JKHA OBITh HE MEHEee JIECATUKPATHOW TITyOUHBI OTIeYaTKa

[Ipy ucnbiTanuu Ha TBEPJAOCTH OCO0OE 3HAUEHHWE WMEET KaueCTBO MOBEPXHOCTH.
Yem MeHblIle r1yOMHa BIABIMBAaHUS WHJEHTOpA (WIKM HArpys3ka), TeM BBIIIE JOKHA
OBITH YUCTOTA MOBEPXHOCTU. HemanoBakHO Takke, 4TOOBI B MPOIIECCE TIOJATOTOBKU
MOBEPXHOCTH HE W3MEHSJIUCh CBOMCTBAa IMOBEPXHOCTHOTO CJl0OsA (BCIEACTBUE
HaKJIENa WIK pa3orpesa Npy NUITMGOBAHUM WIA TIOJTUPOBKE).

TpebGoBaHus K KauecTBY B/IABIMBAEMOTO IIApUKA, YCIOBHSIM MPUIIOKEHUS CHIIBI U
KauecTBY HCHbITYyeMOW TmoBepxHocTu pernameHtupyrores ['OCT  9012-59.
[Tpo0MmKUTENBHOCTh BBIAEPKKH IO/ HArpy3koi noipkHa ObiTh oT 10 mo 15 ¢ mnst
YEpHBIX METAJUIOB, JUISl IBETHBIX METAUIOB U cmiaBoB - oT 10 mo 180 c, B
3aBHUCHUMOCTM OT MaTepuaja W ero TBEPAOCTU, M JOJDKHA OBITh YyKa3aHa B
HOPMAaTUBHO-TEXHUYECKOW JIOKYMEHTAIUU.

Paccrositnue Mexmy HeHTpaMu JABYX COCETHUX OTIEYATKOB JIOJDKHO OBITH HE MEHEe
4d, a paccrosiHMe OT LIEHTpa OTIedaTka J0 Kpas oOpasua (u3genusi) - HE MEHee
2,5d; s metaioB ¢ TBEpmocThio MeHee 35HB paccrostHust A0MKHBI OBITH

COOTBETCTBEHHO 6d u 3d.









ObiTh He MeHee Tpéx. [lo amamerpy oTmedaTrka HaXOASIT YHUCIO TBEPIOCTU TIO
dbopmynam (1) wmm (2) mwmu 1o tabmumam ['OCT 9012 - 59. Tlo yuciy TBEpIOCTH
BBIYUCTISIOT PNl TPOYHOCTH MaTepHaa.

Jlst yrnepoaucroit cramu a, = 3,53 HB, MlI1a.

Cransb ¢ TBepaocteio HB:

120... 175 ap « 0,34 HB

175..450.. ... ... ... ap « 0,35 HB

Mens, natyHb, OpoH3a:

OTOMOKECHHAS. ... ap ~ 0,55 HB

HaKJICOaHHAS. .. ........................... ap ~ 0,40 HB

ATIOMUHUI U aIFOMUHUEBBIE CIUIaBbI C TBEpAOCTHI0 HB:

20,45 ab « (0,33 - 0,36) HB
JypantoMuH:

OTOMOKEHHBIM. ............................... ap ~ 0,36 HB

IIOCJIE 3aKAJIKU U CTAPEHHUSL............ ab ~ 0,35 HB

JlnameTp mapuka, Harpy3Ky ¥ BpeMs BBIACPKKHU OMpPENessitoT o Tadm. 2.1.
Tabn. 2.1- Inametp mapuka, Harpy3ka ¥ BpeMs BBIICPKKHU MPU UCTIBITAHUSIX

1o bpunesnto

Marepuan | UatepBan | MunuManbHas Cootnomienn | [quamerp | Harpysk | JliurensHo
TBEPJOCTH | TOJIIMHA € MEeXIy mapuka | aP B krc | cTh
B 4YHCIaxX ucHbIThIBaeMoro | Harpyskou F | D (H) BBIJICPIKKH
o oOpasia B MM. U THaMETPOM | B MM oz,
bpunennro mapuka Harpy3Koi
B CeK.
UepHble 6...3 F = 30D” 10,0 3000
METaJUIBI 140...450 | 4...2 5,0 750 10
Menee 2 2,5 187,5
Boree 6 F= 10 D* 10,0 1000
<140 6..3 5,0 250 10
=Il- Memnee 3 2,5 62,5
L{BeTHBIC 6..3 F= 30 D’ 10,0 3000
Metautel | >130 4..2 5,0 750 30
Menee 2 2,5 187,5
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0.3 100100,
~/l- | 35...130 6..3 B 5 ’
Monce 3 F=10D 2,5 62,5
Bojiee 6 10.0
’ 250
=ll= 18 35 4.3 3 2 5,0
Monee 3 F=25D 25 62,5 60

Yucno TBepaocTH onpeaensercs no ¢opmyie: HB =

D - nuamerp mapuika B MM

d - nuameTp oTmeyaTka B MM

F- Harpy3ka Ha mapuk
Uem TBepke MaTepual, TEM MEHbIIEC JUAMETpP OTIEYaTKa, TE€M BBIIIE YHUCIO
TBEPAOCTH 10 bpuHeto.

JlnameTp oTmedatka u3MepsieTcsl Mpy MOMOIIM OTCYETHOTO MUKpockona (M11b-
2), umeromiero mkany ¢ 1eHod genenus 0,1 mM. Ha mpakTuke 4ucio TBEpIOCTH
Haxomat mo tabmunaMm 'OCT 9012 - 59, B 3aBUCHMOCTH OT HAarpy3kd M JuaMeTpa
OTIIeYaTKa.
Kpome maHHBIX METOAMYECKUX YKA3aHUW JJIs BHIMOJHEHUS JIA0OpAaTOPHOM paboThI
BBl MOKETE BOCIIOJIb30BATHCS YUEOHOM JTUTEPATYPOM:
Pexomenayemas nuteparypa: MatepuanoBeeHUE U TEXHOJIOTUSI MaTepUasoB:
yueOnuk / ['.I1. ®erucos, ®.A. lNapudymun. - M.: HUL] UHOPA-M, 2014. - 397
c. cTp.86...87
http://znanium.com/bookread2.php?book=413166

KonTpoabHbIE BOIPOCHL:

1. Yto Ha3bIBaeTCs TBEPAOCTHIO MATEPUATIOB?

2. KakoBsl kpuTepun BbIOOpa METO/Ia UCTIBITAHUS Ha TBEPIOCTH?

3.[1ns1 Kakux MaTepuaioB U Ha KaKHX ATalax TEXHOJOTHMYECKUX MPOLECCOB
W3TOTOBJICHUS JIETAJIEW U 3JIEMEHTOB aBUALIMOHHBIX KOHCTPYKIIMN PEKOMEHIyEeTCsA
IIPUMEHATh METOJ UCIBITAHUS Ha TBEPIOCTh 110 bpuHetto

4. Kak o603HauaeTcst 9yucio TBEPAOCTH Mo bpuHemto Ha yepTexax

5. Pa3zpaboraiite 61aHK oTuéTra 1o jJabopaTopHOi padoTe
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Jlabopatopnast padora Ned. VMcnbiTaHus aBUAIIMOHHBIX MaTEpHaOB Ha TBEPIOCTD
o metoxy Poksemna. VcciienoBanue BIUSIHUSL COJIEPKaHUS yIiiepoa Ha TBEPIOCTh
YIJIEPOJUCTBIX CTaJleh

[enp: nmomydyeHHe MPaKTUYECKUX HABBIKOB MCIBITAHKS MAaT€pUAIOB Ha TBEPIOCTbD,
MIPOBEICHUE HCCIIEIOBAHUS BOIPOCA BIUSHUS YIIIepoJa Ha CBOMCTBA YyIiIepOaUCTON
CTaJH

O6opynoBaHre U MaTEepPHUAIIBI:

1. Teepnomep Poksemna TK -2

2. O0pa31sl 111 UCTIBITAaHUI

[TocTaHOBKa 3a1a4M U 3aJJaHUE:

1. M3yunTh METO UCIBITAaHUSI Ha TBEPAOCTH IO PokBeITY

2. UByuuTts ycTpoiicTBO 1 paboty TBepaomepa Poksemna TK-2M

3. IIpoBecTu UCHBITAHKST MaTEPHUAIOB Ha TBEPAOCTH

4. TlpoBecTu nccneqOBaHUE BIUSHUS COACPIKAHUS YIJIEpOa Ha TBEPIOCTh
YIJIEPOJUCTBIX CTaJleh

5. IToctpouts rpaduk 3aBUCUMOCTH TBEPIOCTH CTalE OT COJEp>KaHUs yrieposa

6. Pazpaborats 0;1aHK-OTUETIIO MPOBENEHHON pabOTe, 3aMOTHUTD.

Teopernueckast 4aCTh 1 METOAUYECKUE YKA3AHUSA:

CymHoCcTh METOJa 3aKJII04YaeTcs BO BJIABJIMBAHUM HMHJACHTOPA - HAKOHEYHHKA C
aJIMa3HBIM KOHYCOM WJIM CO CTaJIbHBIM IIAPUKOM B MCIIBITYEMBIN 0Opasell (U3aenue)
MoJl JCWCTBHEM MOCIENOBATENbHO MpWIAraeMeix npeaBapurenbHoil (Fo) u
ocHoBHOM (Fi1) Harpy3ok m B M3MEpPEHHWH OCTATOYHOW TIyOHWHBI MPOHHUKHOBEHHUS
ATOr0 HAKOHEYHHKA (€) MOCJe CHATHS OCHOBHOM Harpy3KHu.

[Ipu wusmepenun TBEpAOCTH MO POKBeMy NPUMEHSIOT JBa THUIA CTAHIAPTHBIX
WHJIEHTOPOB:

a) nans  MaTepuaroB HEOONbIION (cpemHeil) TBEPAOCTH - CTAIbHOM IIApUK

muamerpom 1,588 mMm (1/16 mroiima);
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0) A MaTepuanoB ¢ BBICOKOM TBEpAOCTHIO (C TBEpAOCTHIO TI0 bpunenmo HB>230)
- aJMa3Hblii HAKOHEYHHK, MPEICTaBJISAIONINN co0oii KoHyc ¢ yriom a = 120° u
paanycoM 3akpyriieHus npu BepirHe R = 0,2 mwm.

[Ipu ucnbiTanuu no PokBenty cHauyana NpUKIaAbIBaeTCs Majasi (MpeaBapuTeIbHas
Harpyska) Fo=98 H (10 krc) misa HaaéXHOTO NpHKaTUS HAKOHEYHHUKA K 00pasily.
3areM JOIMOJHUTEIBHO MPHUKIAABIBAETCS NOMOJHUTENbHAs Harpy3ka Fi, xoTopas B
CyMM€ C TIpeIBapUTEIbHOW HArPy3KOM COCTaBISIOT o0Omyl0 Harpy3ky F,
NpuKIaabiBaeMyo K wucnbityeMomy obpasity (Fot+Fi=F). Ilpu orcuére umcna
TBEpHOCTH Harpy3ka F ymensmaercs 1o Fo.

Takum oOpazom, TBEpHOCTH MO PokBemly XapakTepu3yeTcs pasHHIIEH MEexIy
MaKCUMaJIbHOM TTyOMHOW MPOHUKHOBEHUS B MaTe€pHasl HAKOHEYHHUKA (BBIPAKEHHOM
B JICTICHUSX IMIKaJIbl TpUOOpa) U OCTATOYHOU TIyOHMHON €ro MPOHUKHOBEHMS TMOCTE
CHATHUSI OCHOBHOM Harpy3ku (puc. 4).

[Ipu ucneitanuu no bpunemmo Oonee TBEpAOMY Marepually COOTBETCTBYET H
Oosbiee 9nuciao TBEPAOCTH. UTOOBI ATO yCIOBUE BBIMOIHIIOCH U MIPH ONPEIEICHUN
TBEpAOCTU 10 POKBeENTy, BBOAAT YCIOBHYIO IIKaNy TIyOWH, MpUHUMAs 32 OAHO €&
nenenue youHy, paBhHyio 0,002 mwm. [lpu ucnplTaHUM andMa3HbIM KOHYCOM
npeaenbHas riryonHa BHenpenus cocrapisger 0,2 mm, win 0,2/0,002=100 neneHui,
MIpU UCTbITaHuU IapukoM - 0,26 mwm, wn 0,26/0,002=130 neneHwmii.

3amepnl TIyOWHBI TMPOHUKHOBEHHUS OCYIIECTBIAIOT MO IiKane Iudepodrara
uHAKaTopa npudopa. Ha mudepOnaTe HaHeceHBI uyucia TBEPIOCTH B YCIOBHBIX
eqvaunax. Enuauma  TBEpAocTM 10 POKBEIUy  COOTBETCTBYET  OCEBOMY
nepeMenienuo HakoHeyHnka Ha 0,002 MM (pa3MepHOCTh MpH OO0O3HAYEHUU YHUCIa
TBEPJIOCTH OIMYCKAETCH).

[Tpubop nns m3mepenust TBEpAocT 1o Poksermty mmeer mkansl A, B u C.
Otcuér mo mkaiaMm A u C (Ha mudepOiare MHIUKATOpPA MPUOOpA ITU IIKAJIBI
MMEIOT YEpHBIA I[BET) MPOU3BOAUTCA TPU BIABIUBAHWUU B HCIBITYEMbIN 0Opaserl
anMa3Horo HakoHeuHuka. Otcu€r mo mkane B (Ha mudepOnate mHAMKATOpa 3Ta

IIKajga KpacHOro I[BETa) MPOU3BOJUTCS TMPHU BIABIMBAHUU B 00pasell CTaJbHOTO
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3aKJIEHHOIO IIapuKa IMOJ JEMCTBUEM COOTBETCTBYIOIIMX HArpy30K, YKa3aHHBIX B

tadm. 1.1.

Tabn. 1.1- 3HayeHuss Harpy3o0K

Hcnprranne mu PokseTmin
Harp) > [Tkarb C [karo JI [kana B
H KC 1 Kl H 158
[TpenBapuTenpHasl HArpy3Ka . 10 K) 98 K)
OcHoBHasl Harpy3tos 1373 140 w 50 il o1
Ocuiis Harpyska 1471 150 w oK1 )

Yem TBEpxKE MaTepuai, TEM MEHbIIE OyJeT TiyOrnHa MPOHUKHOBEHUS HAKOHEYHHKA
B Hero. UTtoOwl mpu Oombliel TBEPAOCTH MaTepuasa MONMydaloch OOJbIIEE YHUCIIO
TBEpAOCTHU 10 POKBeENTy, MPUHATO BhIpaXKaTh €ro (GopMyliaMu:

a) mpu u3Mepenuu 1o mkane A u C

C
HR =100 - 502 *

rac e- oCraTo4Hasn FJIY6I/IH3 IMPOHUKHOBCHHNA HAKOHCUHHUKA,

0) npu U3MepeHuu 1o mkaiae B

e

HR = 130'0,002 ]

CumBon HR compoBoxkgaercs OykBOM, yKa3bIBaIOIIMK Ha IIKAy, MO KOTOPOU
npoBoaunuck ucnbitanus, HanpuMmep: HRA, HRB unu HRC.

[Ikany A HOpUMEHSAIOT OJs HCIBITAaHUSA TBEPJIBIX CIUIABOB, TOHKOTO JHMCTOBOTO
Marepuana u ISl ONpeAesIeHUs] TBEPAOCTH TOHKOTO BEPXHETO CIIOSI TIOBEPXHOCTH.
[IIxany B npuMeHSIOT 71 UCIIBITAHUA METAJIOB CPEAHEN TBEPAOCTH.

kana C ciy>Xut yist onpesieNieHus: TBEPAOCTH TEPMUIECKH 00paOOTaHHOW CTaJIH.
[IpenenvHbie ymcna TBEPAOCTH i COOTBETCTBYIOIIMX INKaJl MPHUBEACHBI B TaOI.
1.2. Tlpu tBépmoctu menee HRC 20 amma3 ciumkoM IIyOOKO TPOHUKAET B
obpazen, a npu TBepaoctu 6onee HRC 67 - B anmMasHOM KOHyce co3maéTcs
CIIMIIKOM  OOJNBINIOE  JaBlieHHWEe. AHAJIOTUYHO  OOBSACHAIOTCA UM Tpenesbl
MPUMEHUMOCTH 1Kl A 1 B.

Tabmuma 1.2 - IlpenensHble Yrciia TBEPIOCTH
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OO0o3HayeHne Harpyska kI, ITpenen ns- ITpumepHas
wera obmras = Bun MEpEeHHUs TBEPIOCTH T10
IIIKAJTBI . (mpenBaput. + HAaKOHeYHHKa | TBEpHocTH o | bpunemwto
TBEPIOCTH
OCHOBHas1) Poksemry HR HB

B HRB 100=190+10) IIAPHK 25-100 60-230

C HRC 150=(10+140) a“if;gf“ 20-67 230-700
A HRA 60=(10+50) a“if;;f“ 78-85 cBbite 700

Yucno TBEpmocTu 1o PokBemTy MOXKHO MEpeBECTH B YUCIO TBEPAOCTU IO
bpunennto, monb3ysich TaOMUYHBIMH JaHHBIMU (Ta0m. 1.3.) WM SMIUPUYECKUMHU
dbopmynamu Ilerpenko:

a) 7151 YEPHOM Kb
1420000
UbD —

" (100 -HRC)?

0) U1 KpaCHOM IIIKaJTbI
7300

130 -HRB

HB

Ho cnenyer umers B Buay, uro mnepeBon uucen Poksemia B uucia bpunenns He
COBCEM TOYEH.

Pesynprar wucneitaHuii 1o bpuHemnro ToyHee wucnblTaHu 10 Poksemry
BCJIEICTBUE OOJIBIINX PAa3MEPOB TMOJNyYaeMbIX OTIEYATKOB U, CIIEOBATEIbHO,
MEHBIIIETO BJIHUSHUS HEOJHOPOJAHOCTH Marepuana U J1e(EeKTOB Ha MOBEPXHOCTH.
Opnako Meton PoxBemia uMmeeT cieayrollde MPEeUMYLIECTBA: HE3HAYUTEIbHOCTD
MOBPEKICHUM TOBEPXHOCTH HCIBITYEMOTO 00pasiia, BO3MOXKHOCTH OIPEIEICHHUS
TBEPAOCTU TOHKOCTEHHBIX JETallel, a TaKKe TBEPIOCTU TEPMUUECKH 00pabOTaHHBIX
CTaJIbHBIX ITOBEPXHOCTEM.

Tabn. 1.3 - IlepeBon uncen TBEpaoCTU 10 POKBEITY B Uncia TBEPAOCTH IO

bpunennto
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HRS| HB | HRB | IIB | HKB| H3 | HRB | UMB | HRC | HB | HRC | HB

100 | 237 75 137 50 93 25 68 65 682 40 370
99 231 74 135 49 92 24 67 64 665 39 360
98 225 73 133 48 90 23 66 63 650 38 350
97 219 72 131 47 88 22 65 62 635 37 340
96 214 71 127 46 87 21 65 61 621 36 331
95 209 70 125 45 86 20 65 60 607 35 322
94 204 69 123 44 85 19 64 59 594 34 314
93 198 68 121 43 &3 18 64 58 581 33 304
92 193 67 119 42 82 17 63 57 568 32 296
91 189 66 117 41 81 16 63 56 555 31 288
90 184 65 116 40 80 15 62 55 542 30 280
89 180 64 114 39 79 14 62 54 530 29 272
88 177 63 112 38 78 13 62 53 518 28 265
87 173 62 110 37 77 12 61 52 506 27 258
86 169 61 108 36 76 11 61 51 494 26 252
85 165 60 107 35 75 10 60 50 482 25 246

84 162 59 106 34 75 9 60 49 470 24 240
83 159 58 104 33 74 8 59 48 458 23 234
82 156 57 103 32 74 7 59 47 447 22 228
81 153 56 101 31 73 6 58 46 436
80 150 55 100 30 72 5 58 45 425
79 147 54 98 29 71 4 58 44 414
78 144 53 97 28 71 3 58 43 403
77 141 52 96 27 70 2 57 42 392
76 138 51 95 26 69 - 57 41 381

VYcnoBus ucneiTanus U TpeboBaHus K oOpasmam. TommmnHa oOpasiia uian riayOuHa
MOBEPXHOCTHOTO CJIOS JIOJDKHA OBITh HE MEHee 4eM B 8 pa3 0oJbllie BEJIUYUHBI e.
[locine wucmblTaHUsT HA MPOTHBOIOJIOXKHOW CTOpOHE oOpaslia He JOJDKHO OBITh
3aMETHO cieloB nedopmanuu OT oTrmeyaTka. PacctosiHue Mexay HEeHTpaMu JIBYX
COCETHMX OTIEYaTKOB MM OT IIEHTpa OTIEYaTKOB JO Kpas oOpasia TOJIKHO
COCTaBJISITh HE MEHEe 3 MM, €CIIM B HOPMATUBHO-TEXHUYECKON TOKYMEHTAlluu Ha
METaJUIONPOAYKIUIO HE YCTAHOBJICHBl ~WHBIE tpeboBanus. I[loxroroska
MOBEPXHOCTU HUCIBITYEMOro oOpasiia, TpeOOoBaHMS K HAKOHEYHHUKAM M YCJIOBHS
MpoBeACHUs ucnbITaHuil perinamentupyrorcs ['OCTI9013-59.

[Tpubop nns uamepenus tBEpaoctu Meraiop TK-2M. Ilpubop npenHazHadeH ajis
U3MEPEHUS] TBEPJOCTH METAJUIOB M CIUIABOB MO METOAY BJIABJIMBAHUS AJIMa3HOTO
KOHyCa WJIHA CTAJIbHOTO 3aKaJ€HHOTO MIapHKa MOJ JEHCTBUEM 3aJaHHOW HAarpy3kH B
Te4eHue orpeneaéHHoro BpemeHu (meroa Poxsemna). WcmbiTanus mpoBoasTCsS B

cootBeTcTBUM ¢ ['OCT9013-59. IlpunnumnuanpHas cxema npubopa TMOKa3aHa Ha
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puc. 1.1. Mexanusm 14 nogsémHoro cronuka 11 cocTouT u3 mapbl BUHT-MaXOBHUK
12, 13. UcneiTanusi oOpasna Ha TBEPAOCTh OCYIIECTBISETCS C IOMOIIBIO
MEXaHu3Ma TMOrPYXKEHUs, MPUBOAUMOro B JeHCTBUE 3iekTpoasurareseMm 1. Ot
JBUTATENS] 4epe3 YEPBAYHBIM pPEAyKTOp 2 BpalleHUE MEepeNaéTcs KyJIauyKOBOMY
O5oky 16, KOTOpPBIN yepe3 MITOK 5 OIMyCKaeT TPy30BOW pbiyar 6 ¢ rpy3amu 3 u
nepenaéT Harpy3ky Ha oOpasell yepe3 HakOHe4YHUK 10 ¢ IapuKoM WM aaMa3HbIM
KoHycoM Ha koHie. [Ipu moBopote KynaukoBoro 0j0ka 16 Ha omuH 00OPOT IMITOK 5
BO3BpAIlla€T TPY30BOM pblyar 6 B TMEPBOHAYAIBHOE IIOJIOKEHUE, CHUMAs C
HAaKOHEUHHKA MPWIOKEHHYIO Harpy3ky (3a cuér moaBecku 6 W TpyKHHbI 9 Ha
oOpasen nepena€rcs Harpyska, paBHas cooTBercTBeHHO 60 m 10 krc; Harpyska B
100 mmu 150 kre nmepenaércs Ha oOpaselr 3a CUET CMEHHBIX TPY30B 3).

BxroueHne mpuBOoAa HArpyXKeHUs OCYIIECTBIAECTCS Tmenaipo 15, a
BKJIFOYEHUE DJEKTPOABUTATENSl - BKIIOYATENIEM, YCTAHOBICHHOM Ha MpaBoi
CTOpPOHE KopItyca mmpuodopa 4.

@dukcupoBaHue TIyOMHBI TNPOHWKHOBEHHS HAKOHEUYHHKA B  oOpaserl
OCYLIECTBJISIETCS MHIUKATOPOM 7, KOTOPBIM MPUBOJIUTCA B JIBMXKEHHE pblYaroM 8.
TouHasg ycTaHOBKA MHAMKATOpPA HA HYJb JOCTHUTAETCS MAaXOBUYKOM 14, KOTOpBIii

yIpaBiseT Kol nHaukaropa 7 yepes tpoc 17.
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Puc. 1.1 — ITpubop nns usamepenus TBepaocty mMatepuanos TK-2M

[IpoBenenue ucnbiTanus. McnpiTyemslit oOpaser] moMemarT Ha OIbEMHBIN CTOJIUK
11. CornmacHO BBDKMAAEMON TBEPAOCTH BBHIOMPAIOT TUN HAKOHEYHHMKA U
YCTaHABIIMBAIOT COOTBETCTBYIOLIME TIpy3bl 3. Bpamenuem wmaxoBuuka 13
MOJIHUMAETCSL CTOJIMK C 00pa3loM JI0 COMPUKOCHOBEHHUS C HAKOHEYHHKOM. 3aTeM
MPOJIOJKAIOT MEAJIEHHO BpalllaTh MAXOBUK MOJBEMHOTO CTOJIMKA A0 TE€X IMOp, MOKa
Majas CTpelKka WHIUKAaTOpa HE CTaHeT MPOTUB KPACHOM TOYKH, a OoJbIas
MIPUMEPHO BEPTUKAIBbHO. [Ipy TakoM MOJOKEHUH CTPEJIOK MPYyKHHA 9 CKUMAeTcs U
CO3/1aéT OTIOJHUTENbHYIO Harpy3Ky Ha obOpaser; Po=10kI".

ITocne 3TOro mpu mMOMoIM MaxoBHYKa 14 ynpaBieHHs MIKaIOW HWHIUKATOpA
COBMEIIAIOT TPUJIATOE JIEJICHHE KPACHOM MIKaIbI (COOTBETCTBYIOIIEee oTMeTKH 130
YCIIOBHOM IIKaJbl TJIYOMH) C KOHIIOM OOJBIION CTPENIKM WHAUKATOpa (TIOJOXKEHHUE
«a» Ha puc. 6). Haxarnem nemanu 15 BKIIOYAIOT MEXaHU3M Harpy>KeHHUs mpuoopa:
BHauaje NPHUKIAAbIBACTCS IIOJHAsA Harpy3ka (OHa COOTBETCTBYET IOJOKEHHIO
CTpeNKu «0»), MPOUCXOAUT BBIJEPKKA TMOJ HArpy3KOMW, a 3aTeM IOJHas Harpyska

CHIDKAeTCsl 10 IpeaBaputenbHor Harpy3ku Po. Ilomoxkenue crpenku npu 3Tou



Harpy3ke (MOJIO)KEHHE «B» Ha pUC. 1.2) COOTBETCTBYET 4YHCIY TBEPAOCTH 110
PoxBemny. (Ha puc. 1.2 - HRB=94.) Yka3anHble MOJIO)KEHHSI CTPEIIKH CBSI3aHBI C
MOJIO’KEHUEM IIIapuKa Ha MIKaie TyOuH, 0003HAYEHHBIMU OyKBaMHU «@», «0» U «BY.
[locne ompeneneHus uuciaa TBEPIOCTH BpallleHUEM MaxoBuka 13 B oOpaTHOM
HaIlpaBJIE€HUU OCBOOOXKMAaOT oOpazen. Ha xaxmgom o0pasne J0DKHO —OBITh
MIPOBEJICHO HE MEHEe TPeX MCIbITaHui. Bce ucrmbiTanus kenareinbHO MPOBOIUTH HA
OJTHOM yuacTke oOpasua. PaccrosiHue oT meHTpa oTmedarka J0 Kpas oOpasia wid
70 LIEHTpa APYroro oThedyaTka JOJKHO ObiTh He MeHee 4 MM. He criemyer Takxke
MPOBOANTH BJABIMBAHUE HAKOHEYHMKA ONU3KO K OTIEYaTKaM, IMOJTYYEHHBIM IIO

cniocoOy bpunens.

Puc. 1.2.

BimsiHue yriiepoja Ha CBOWMCTBA CTAJIEH.

[Ipn KOMHATHOU TeMIiepaType CTPYKTypa CTajl COCTOUT M3 YacTull Qeppura u
[EMEHTUTA, TMPUCYTCTBYIOIIUX JUOO B BHJE OTACIBHBIX BKIIOYEHUH (T.H.
CTPYKTYPHO-CBOOOJHOTO ¢eppuTa ¥ IEMEHTUTa), MO0 B BHJEC TOHKOMN
MEXaHHYECKOM cMmecH, Ha3piBaeMoil mepnuroM. OOmume CcBeaeHUus o
TEMIIEPATYPHBIX U KOHIICHTPAIIMOHHBIX TPAHUIAX CYIIeCTBOBaHUS (a3

(pepputa, iIeMeHTHTA, IEPIIUTA U AYCTEHUTA) AAET TUArpaMMa COCTOSIHUS CIUIaBa
xene3o - yriepos. [Ipu aToM yraeposa u Apyrue KOMIIOHEHTHl U MIPUMECH CTajH

MCHAAIOT ITOJIOKCHUC KPUTHYCCKHUX TOYCK Ha TeMnepaTypHoﬁ IIKaJIc.

125






Pexomenmyemast mtepatypa: MarepuaioBeieHUE U TEXHOJIOTHS MaTePHAaJIOB:
yueOnuk / ['.I1. derucos, ®.A. lNapudymnun. - M.: HUL] UHOPA-M, 2014. - 397
c. cTp.86...87, ctp. 174

http://znanium.com/bookread2.php?book=413166

KonTposabHbIE BOIIPOCHL:

1. Uto Ha3bIBaeTCS TBEPAOCTHIO MATEPUATIOB?

2. KakoBsl kpuTepun BbIOOpa METOIa UCTIBITAHUS Ha TBEPIOCTH?

3.[1ns1 Kakux MaTepuaioB U Ha KaKHX dTalax TEXHOJOTHMYECKUX MPOLECCOB
M3TOTOBJICHUS JIETAlE€l U 3JIEMEHTOB aBUALIMOHHBIX KOHCTPYKIUI PEKOMEHIYETCs
MPUMEHATh METOJ UCIIBITAHUS HA TBEPAOCTH 10 PokBemny?

4. Kak o603HauaeTcst uucio TBEPAOCTU 1Mo PokBemTy Ha yepTexax

5. Kak Bnuser couep:kaHue yriepoaa Ha TBEPAOCTb, MPOYHOCTh, MIACTUYHOCTh
YIJIEPOAUCTBIX CTaNei?

6. Pa3paboraiiTe OyaHk oT4éTa 1O JTabopaTopHOM padoTe

JladbopaTopHas padora NeS. UcciienoBanue MUKPOCTPYKTYPbI M CBOMCTB CTAJIU

B PABHOBECHOM COCTOSIHMH

Ilenb pabOTHI:

1. UccnenoBaHne  MUKPOCTPYKTYpbI YIJIEPOJUCTBIX CTalled B pPaBHOBECHOM
COCTOSIHUHU;

2. VccnenoBanre M yCTAaHOBJIEHUE CBSI3U MEXKIY CTPYKTYpOW CTalld, JAHArpaMMoi
coctosinus Fe-Fe3C u cBoiicTBaMu CILIaBOB.

O6opynoBaHKMe U MaTEepPHUAIIBI:

1. Ludposoit metamnorpaduueckuii komreke Ainpramu MET 1.

1. Muxkpockorsl Mmetaimorpadguaeckue MUM7, MUMS.

2. YcraHoBKa 17151 OJUPOBAHUSL 00PA3IIOB.

3. X¥MHYECKUE TPABUTENH.

4. Ilepconanpusiii komnbioTep: [IK DNS Office s/n FSCA001340-18

5. ®oroanmapat mudposoit: Canon A550, A640.

6. [Tpuntep Epson Stylus Photo s/n JLCK022081

127


http://znanium.com/bookread2.php?book=413166

7. Teepnomep bpunenns

8. TBepaomep Poksemna

9. Konnekius 00pasioB AJisi MPOBEACHHSI MUKpOAHAIN3A.

[TocTaHOBKa 3a1a4M U 3aJJaHUE:

1. Haueptuth o0acTh AarpaMMbl COCTOSIHUS CUCTEMBI be-besC,
COOTBETCTBYIOIIYIO CTaJISIM.

2. Jlatp  xapakTepucTUKy (a3 U  CTPYKTYPHBIX  COCTaBIIIOIIMX  CTajeu
OMpENEICHHBIX MapOK, OTMETUTh KaXAYyI CTalb Ha JUarpaMMe COCTOSIHUS
cucteMbl be-be3C, mocTpouTh KpUBYIO OXJaXICHUS WIM HAarpeBaHUs ISl CTalu
M0 YKa3aHWIO MpernojaBaTeisi, ¢ MoMoIlblo mpaBuwia (a3 ['mbbca ompenenutsb
KOJIMYECTBO M cOCTaB (a3 il MPOU3BOJIBHOM TOUYKH, PACIHOJOKEHHON MEXTy
JIMHUEW CONHJIyCa U JIMKBUAYCA.

3. UccnenoBaTts U u3yuuTh, cororpadupoBaTh U 3apUCOBATH MHKPOCTPYKTYPY
JNO3BTEKTOUIAHBIX, D3BTEKTOMJHONM H 3a3BTEKTOMAHBIX CTalleld, YyKa3aThb HX
CBOMCTBa M 0OJIACTH MTPUMEHEHUS.

4. I3yunTh BIUSHUE COJIEPKAHUS YTJIEpPOJa U LUEMEHTUTA B HCCIEIYEMBIX CTaJsAX
Ha UX CBOWCTBa (HampuMep, Ha TBEPIOCTh), 3aMEPUTh TBEPIOCTh CTAJICH,
MOCTPOUTDH IpapUK COOTBETCTBYIOIIEH 3aBUCUMOCTH.

5. Onpenenutb colepKaHUe YTrepojia U MapKy NpPeaioKeHHOW MpernoaaBaTeileM
CTaJli, yKa3aTh €€ CBOMCTBA U 00JaCTh IPUMEHEHHUSI.

6. CnenaTh BBIBOJBI M HAMKMCATh OTYET MO paboOTe B COOTBETCTBHH C 3aJaHUSIMU (B
OT4YeTe 00sI3aTENIbHO JIOJDKHBI OBITh YKa3aHBI: TEMa, I1eJb paboThl, 000pyA0BaHUE
U MaTepHuabl.

7. Pa3zpaboTraTh IpOTOKOJ MPOBEAEHHOTO MUKPOAHATIN3a C TIOSCHEHUSAMHU K KaXKIIOM
PacCMOTPEHHONW MHUKPOCTPYKTYpe, MOCTPOUTH TpaduK 3aBUCHUMOCTH TBEPIOCTH
CTaJIM OT COJEPMAHUs yIiiepoa B CTalH, ClIeJaTh BBIBOJ O BIMSHHUH YIiepojia Ha
CTPYKTYpPY U MEXaHWYECKHE CBOMCTBA CTaJH; MOCTPOUThH JUArPAMMY COCTOSTHUS
cucteMbl be-be3C, mOCTpOUTh KPUBYIO OXJIAKIEHUS WM HarpeBaHUs AJIA CTalu

M0 yKa3aHWIO MpernojiaBaress, ¢ Momoinsio mpaBwia ¢a3z ['ubbca, onpenenurtsb
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3HAYEHUs TUIOTHOCTU (peppUTa U IEMEHTUTA COU3MEPUMBI, TO O CTPYKTYpE CTallH,
HaxXOJsUIEHCs B PABHOBECHOM COCTOSIHUM, MOXHO ONIPEACIINTH COJIECPKAHHWE B HEU
yraepoaa. Mg storo mpu JTHOO0M PEKOMEHAYEMOM YBEITHYEHHMH MHKPOCKOIA
OTIpeAeNseTCs IUIOMIA[b TMOBEPXHOCTH NUIM(a CTand, 3aHATOW MEPIUTOM.

Hanpumep, ona coctasiser 50 %.

m
~

—t

B

Puc. 5.4. 3aBucUMOCTb MEXaHUUECKHX CBOMCTB YTIIEpOAUCTBIX crajieit ot COACPKAaHUA B

Hel yriaepoaa.

Puc. 5.5. MukpocTpyKTypa 103BTEKTOMAHBIX CTAJICl C PA3IMYHbIM COAEpPKAHUEM YIJIEpOJa:
a-0,2 % C; 6-0,45 % C, B- 0,7 % C. X200
3Has1, yto B nepuure coaepxurcs 0,8 % yraepona, U3 mpornopuuu
100 %I1-0,8% C,
50 % IT-X % C
MOKHO OMpEeNeInTh cojepkanue yriepona B ctanu X=0,8x50/100=0,40 %. 3arem
onpenensercss Mapka yriepoauctoi cranu. [To TOCT 1050-74 cranb, conepxanias

0,4 % C, sBnsieTcs Ka4eCTBEHHOW KOHCTPYKIIMOHHOW Mapku ctajib 40.

x 10000
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Puc. 5.6 . MukpocTpyKTypa 3BTEKTOUIHON CTaJIH:
a - MEepJUT IUIACTUHYATBIM, COCTOSAUINI U3 TOHKMX IUIACTUHOK LEMEHTHUTA, PACIIOIIOKEHHBIX B

dbepputHoit ocHoBe X000;

0 - IEPJINUT SCpHI/ICTLIﬁ COCTOHI.HPIIZ N3 MCIIKHUX 3épeH HNEMCHTHUTA, pPaCIIOJIOKCHHBIX B

depputHoOii ocHOBe X 1500.
Crainb, CTpyKTypa KOTOPOH COCTOMT TOJBKO M3 mepyuta, cojaepxut 0,8 % yriaepoaa
W HaszpiBaeTcs HBTekTonaHoi. [lepmut (mepmamytp) sBisieTcss AByx(a3HON
CTPYKTYPHOM COCTaBIISIIOIICH, TIpeAcCTaBisitonield coboli cMech deppura w
[IEMEHTHUTA IacTUHYaToro (puc. 5.6, a;) uiu 3epHucToro (puc. 5.6 , 0) cTpoeHwUs.
[lnacTMHYATBI TMEPIUT COCTOMT W3 YEPenyIoNIMXCs IUIACTUHOK (eppura u
nementutra. OHM o0Opasyrorcs mnpu Temneparype 727°C Ha TpaHHUIAX 3€peH
MCXOJHON BBICOKOTEMIIEpaTypHOU (a3bl (aycTeHUTa) M PacTyT OJHOBPEMEHHO IO
HallpaBJICHUIO OT TPaHMI] K UEHTPY ayCTEHUTHOro 3epHa. B pesynbprarte
AyCTEHUTHOE 3E€pPHO pAa3JeiIeTC Ha HECKOJIbKO 4YacTed C ONPENENICHHOW, HO
pa3IMYHOM OTHOCUTEIBHO JAPYr Jpyra OPHUEHTHUPOBKOW B3aMMHO NapaylielbHBIX
IaCTUHOK ¢epputa U leMeHTHTa. Kaknmas Takas d9acTh MNpelCTaBisieT coOOit
nepautHoe 3epHo. (CnegoBaTenbHO, B OJAHOM  AyCTEHUTHOM  3€pHE  IpHU
ABTEKTOMJIHOM TPEBpalIeHUH (OPMUPYETCS HECKOJbKO 3epeH mnepnuta. llepaut
coctouT w3 JaByX (a3 - deppura M 1meMEHTUTA, OOJATAIOMIUX Pa3TUIHOM
TBEPJIOCTHIO0, TOJHUPYEMOCTbIO M TPAaBUMOCTHIO B peakTuBax. [lpum monupoBke u
TpaBieHuH MUIMGa HA €ro IMOBEPXHOCTH co3aaercs penbedHocTs. TBepable,
MaJIOTpaBSIIMeCs IJIACTHHBI IIEMEHTHTA BBICTYIIAIOT HaJ (PEpPUTHBIMH U OCTAIOTCS
CBETJIBIMHM U OJICCTAIIMMHM. Y TOMAOIINI MEXKTy HUMH MSTKUI (heppUT OKa3hIBACTCS
3aTEHEHHBIM M, KPOME TOT0, U3-3a MOBBINIEHHON TPAaBUMOCTH, TYCKJIBIM M TEMHBIM.
[TockonbKy B TEPIAUTE COACPKHUTCS CPAaBHUTEIBHO Mayio (0koyo 9 %) 1eMeHTuTa,
NepIuT B CTaMIX (M B OENbIX YyryHax) MPU MHUKPOCKOIUYECKOM HCCIICOBAHUH
BBITJISITUT TEMHBIM, HO HE YEPHBIM, KaK Pa3JIMYHOrO poja MyCTOTHI.
[lepnuT 3epHUCTBI BCerJa CBETIBIM, IIEMEHTUT B HEM HMMEET OKPYyTIyio (opmy.
3epHbiiku  (chepousibl) IIEMEHTUTA pPACMHOJOXKEHb B (DEppUTHONM MaTpHIIE.
CrpykTypy mepauTa 3epHUCTOrO TOCIE CIENUaIbHOW TEepMUYECKOr 00paboTku

MOIryT HMCTb HC TOJIBKO 3BTCKTOMJHAsA, HO H O0- M 3a3BTCKTOMAHBLIC CTaJIH.
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[TosToMy ompenesnsaTe coaepKaHue yriiepoja B CTAIA IO CTPYKTYpE 3E€PHUCTOrO
MepJnTa HE PEKOMEHAYETCSA. 3EPHHUCTBIA MEPIUT HMEET MEHBIIYI0 TBEPIOCTh
(160...220 HB), uyem mnactuHuateiii (200...250 HB), nyume obOpabaTsiBaeTcs
pe3aHueM.

Cramu, comepxamue Oonee 0,8 % yriepoma, cCO CTPYKTYypoll MEpIUT H
LIEMEHTUT BTOPUYHBIN, HA3bIBAIOTCS 3a3BTEKTOMAHBIMH. TeMHBbIE MEPIUTHBIE
YYaCTKH OKpPY>KEHbI 0oJiee WM MEHee CIUIONTHOM CBETJION CETKOM IIeMEHTHUTA
BTOpUYHOrO (puc. 4.7), TONIIMHA KOTOPOW YBEIWYMBAETCS C TOBBIIICHUEM
coliepkanus yriaepoga B craud. OTIUYUTETBHBIMU OCOOCHHOCTSIMH  CETKH
[IEMEHTUTA BTOPUYHOTO OT CETKU (eppuTa N30BITOUHOTO B JIOIBTEKTOMUIHBIX CTAJISX
C TIOBBIIIICHHBIM COJIEP)KaHUEM YTJIepoa SBISIOTCA Pa3oOUIeHHOCTh 3epeH (hepputa
U UX CTpeMJIeHHE K OKpyrieHuto. s ycraHoBieHHs (Pa3oBOro cocraBa CBETIION
CETKH BOKPYT MEPJIUTHBIX YYaCTKOB PEKOMEHIYETCs TpaBlieHHe NUI(a peakTUBOM

2.

Puc .5.7. MukpocTpyKTypa 3a3BTEKTOMAHON cTtanu, coaepxameit 1,2 % C.  x200.

[Ipu onpeneneHnn coaepx aHus yriiepo/a B 3a3BTEKTOMIHON CTalv MO €€ CTPYKType
CIIeIyeT C IOMOIIBI0 MHKPOCKOIA YCTaHOBHTH IUIOMIAAbL IOBEPXHOCTEH muIuda,
3aHSATBIX TEPJIUTOM M IIEMEHTUTOM BTOPUYHBIM. 3aT€M M3 COOTBETCTBYIOIIMX
MPOIOPLUUN  ONPEACIIUTh COJCPKAHUE YTIIEPOJIa, HAXOMSIIEroCs B TMEPIUTE U
1eMeHTUTe BTOpUYHOM. CyMmMa ITOJyYEHHBIX PEe3YyJIbTATOB IPEACTABISICT COOOM
COIEPKaHUE YIJIEPOAA B 3a9BTEKTOUTHON CTAJIH.

B 3HauuTeNnbHOM CTENEHU CBOWCTBA YIVIEPOJUCTBIX CTajed, a CIEA0BATEIbHO, U
00J1aCTH X NMPUMEHEHHsI 3aBUCAT OT COJEPKAHHUS B HUX BPEIHBIX IIPUMECEH Cephl U
dbochopa, yeM MeEHbBIIE MX B CTaJd, TeM BbIMIe ee¢ KauyecTBO. COOTBETCTBEHHO
pa3IMYaloT CTadu OOBIKHOBEHHOTO KAdyeCTBA, KAYECTBEHHBIE, BHICOKOKAUYECTBEHHBIC
1 0c000 BBICOKOKAYECTBCHHBIC.

Cranp yraepoauctas oosikHoBeHHOTO KauecTBa [[OCT 380-94
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Mapku u oOriue TexHndeckue TpeboBaHus

B 3aBucHMOCTH OT Ha3HAYEHHUS CTalb MOAPA3ACIAIOT HA TPU TPYIIIIbL:

* A ~ NoCTaBIIEMYIO 10 MEXaHUYECKUM CBOKCTBAM;

* b ~ nocraBisieMyto 0 XUMUYECKOMY COCTaBY;

* B — mocraBisieMyo o0 MEXaHUYECKUM CBOWCTBAM M XUMUYECKOMY COCTaBY.
B 3aBucuMOCTH OT HOPMHpPYEMBIX IIOKA3aTe€Jed CTalb KaXIOW TPYIMIBI
MOAPA3ACIIAI0T Ha KaTErOPUH:
rpynnsl A - 1, 2, 3; rpynnel b - 1, 2; rpynne B - 1, 2, 3,4, 5, 6.
IIpuMeuyanune. YKazaHHbIE KaTerOPUU HE PACIPOCTPAHSIOTCS HA CTAJIb TOJLIMHOU
MeHee 4 MM.
Cranp M3roToBJIAIOT cieayromux mapok: rpymmnsl A - C1O, Crl, Cr2, Cr13, C14,
Cr5, C16; rpymmel b - BC1O, BCrl, ber2, BCT3, ber4, bCt5, BCT6; rpynmsr B -
BCrl, Ber2, BC13. BC14, BC15,
Cranp Bcex rpymnm ¢ HomMepamu Mapok 1, 2, 3, u 4 mo CTeNneHW pPacKUCIEHUs
M3TOTOBJISIOT KUIISIIEH, OJIYCIIOKOWHOW U CIIOKOWHOU
[Tomy criokoiiHasi cTaib ¢ HOMEpaMH MapokK 1...5 Tpou3BOIUTCS C OOBIYHBIM U
MOBBIIICHHBIM COJEPKAaHUEM MapraHiia
Cramu mapok CrO u BCTO mno crenenu packuciaeHus He pazaeisioT. Crainb Mapok
BCrl, BC12, BCT3 BCcex kareropuii U BCEX CTENEHEN pacKUCIEHUS, B TOM YUCIE U
C MOBBINIEHHBIM COJIEP)KAaHUEM Maprasiia, a o TpeOOBaHHUIO 3aKa3urKa CTajlb MapOK
BCrl, BCt2, BCT3 BTOpOI KaTeropuu BCEX CTENEHEW pAaCKUCIEHHS, B TOM YUCIE U
C TIOBBIIMICHHBIM  COAEpP’KaHWEM  MapraHua, I[OCTaBIsieTCd C  rapaHTHEl
ceapuBaeMocTu. lloctaBka cramum rpymnmsl b ¢ rapaHTMeld CBapuBAaeMOCTH
oroBapuBaeTcs B 3aka3ze U B ceprudukare. Ctanb C coaepKaHHEM YIJIepojaa B
rotoBoM rmpokare Oonee 0,22% TPUMEHSIOT UIsI CBapHBIX KOHCTPYKIMNA MpH
YCIIOBUSAX CBapKH, 00€CTIEUYMBAIONIUX HA/IEKHOCTh CBAPHOTO COECIUHEHUSI.
bykBet CT. B Mapke O03HA4arOT «CTajlb OOBIKHOBEHHOTO KadyecTBa», IUQPPHI -
YCJIOBHBIM HOMEP MapKu B 3aBUCHMOCTH OT HOPMHUPYEMBIX ITOKa3arejeu. Yem
0oJbIlIe YCIOBHBIN HOMEp CTajH, TeM OOJIbIIE COJIEp)KaHWE YIIIepoJia U IMepinuTa B

HEW Y TEM BBIIIE €€ MPOYHOCTH:

134



Mapxa CrO Cr. 1 kn Cr. lmc Cr.1 Cr.2nc | Ct.3kn Cr.2cn
cTanu cn
IIpenen
MIPOYHOCTH, 310 310...400 320...400 330...420 330...440
MlIIa
Cr.4xn
Mapa Cr.3mc S Cr.411C Cr.4cn Cr.5ne Cr.brc,
cTanu Cr.5cn Cr.0cm
Cr.3cn
IIpenen
MPOYHOCTH, (3)70"'47 380...490 410...520 420...540 500... 640
MlIIa

bykBwl km, mc, cm, crosimue 3a UGpPON, YKa3bIBaIOT CTENEHb PACKUCICHHS CTald
(Kumsimias, Moy CIIOKOWHAs, crokoiHas). M3 crmokoiHbIX cranel Haubosiee MOJTHO
yAalieH KUCIopo. B TepMuuecku ynmpouHEHHOM COCTOSIHUM OHHM O0JIaJlar0T BBICOKOM
BS3KOCTHIO U HAJIEKHO JKCIUTyaTHUpYyroTca mpu Temmeparypax no -50°C. Ludpa B
koH1e Mapku cranu (Hanpumep, b Ct.3 CII 2) nmokassiBaeT kateropuro craimd. Yem
BHIIIIE KATeropus CTajid, TeM OOJIbIlIee YHCIO0 HOPMHUPYEMBIX TOKa3aTesen
rapantupyeT ['OCT (Xxumudeckuil cocTaB, BpEMEHHOE CONPOTUBIIEHUE PACTSKEHUIO,
npenen TEeKy4ecTH, OTHOCUTENBHOE YIJIMHEHUE, Tpenen MPOYHOCTU Tpu u3rude B
XOJIOJTHOM COCTOSTHUH, yJIapHas BA3KOCTh npu Temieparypax +20 °C, -20 °C u np.).
Cranu OOBIKHOBEHHOTO KadecTBa SBJISIOTCS CTalsIMUA OOIIEr0 HAa3HAYEHUS U
MCIOJIL3YIOTCA JJI1 M3TOTOBJICHHSI MTPOKaTa pa3iIunyHbIX MPodUIeii u JIUCTOBOM CTaiu,
MPUMEHSIEMBIX IS TIPOM3BOJICTBA 3aKJICTIOK, OONTOB, IIaif0, KPOBEIBHOTO XKejle3a U
OPYrof IPOIyKIUH.

Cramu xadectBeHHble KOHCTpyKimoHHbie (COCT 1050 - 88) comepxar nHe Ooinee
0,035% docdhopa, ve Gomee 0,04% cepwi, 0,05...0,6% yraepona MU BBITYCKAIOTCS
cneayronux Mapok: 05km, 08km, 08me, 08, FOxkm, Onc, 10, 15kxm, 15mc, 15,
20kn,20mc, 20, 25, 30, 35, 40, 45, 50, 55, 60.

JIBy3HauHbIe 4YKCIIa B MapKe IOKa3bIBAIOT COAEpPKAHUE YTIEepoJa B COTHIX JIOJISIX
npoueHra.  [lepednciieHHbIe — BbIIE  CTAJIA  XapaKTEPU3YIOTCS  BBICOKUMH
TUTACTUYHOCTBIO M CBAPUBAEMOCTHI0. OHM MOTYT HMCIIOJIb30BAThCs 0€3 YIPOUHSIOIMIEH
TEPMHUYECKONU 00pabOTKHM MM TIOCTIE Hee.

Cramu 05kn, 08km, 08, 10 mayT Ha U3TOTOBJICHUE ACTAICH CIIOKHOW KOH(PHUTYpaIuu

METOJIOM XOJOJHOHM mTamMmoBku. M3 craneri 15km, 15, 20 m3roraBiauBaroT OOJTHI,
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raikyu, BUHTHI, NaJIbllbl, BaJKW, OCH, KPIOKH, UIMUIBKA € JPYrUe JeTaiu
HEOTBETCTBEHHOTO Ha3HaueHus. YacTto JeTaid H3 OTUX CcTajedl paboTtaioT B
YCJOBHSIX, P KOTOPBIX W3HAIIMBAIOTCS UX MOBEPXHOCTH, U MOATOMY MOJBEPrarOTCs
MOBEPXHOCTHOMY YIPOYHEHUIO [IEMEHTAUEN WIH [IUAHUPOBAHUEM.

K yrmeponucteiM cTansiM, MCHOJNB3YEMBIM JJIsI U3TOTOBJIEHUS AETAE C BBICOKUMH
MPOYHOCTHI0O M BSI3KOCTHIO CEPIEBUHBI (OCH, BAJIMKH, BUHTHI, MIANObI, BTYIKH,
KOJICHUYaThI€ BaJlbl, TSTH, IIATYHBI U JIp.), oTHOcTCs ctanu 30, 35, 40, 45. U3 craneit
65, 70, 75, 80, 85 ¢ OonpIIMM COAEpKAHUEM YTJIEpPOJia M3TOTABIMBAIOT JCTAIIH,
paboTaromye B YCIOBUSX TPEHUS M BUOPALMOHHBIX HArpy30K: MPOKATHBIC BAJIKH
(ctanp 60), kpaHOBBIE KoJieca (CcTanb 75), TUCKUA CUEIUICHWS U BITYCKHBIE KJIaraHbl
KoMIipeccopoB (craimb 85), a Takxke npyxuHbl u peccopbl (I'OCT 14959-79).
PekoMeHqyeMbIMU ~ peXUMaMU ~ TEPMUYECKOM  0OpabOTKH  yrIepOAMCTHIX
KAU€CTBEHHBIX KOHCTPYKIIMOHHBIX CTaJIe B 3aBUCHUMOCTU OT YCJIOBHUH 3KCIUTyaTalllH
U3JIETIUI SIBJSIOTCS HOPMaJM3alus, 3aKajdka C OTIIYCKOM, MOBEPXHOCTHAs 3aKajKa C
Harpesom TBUY, ¢ ormyckom umm 6e3 Hero (TOCT 1050-74, TOCT 14959-79).
VYrnepoauctele uHcTpyMeHTanbHble cramun ([OCT  1435-74)  BeimyckaroTcs
kadecTBeHHbIMU (Y7, Y8, V&I, ¥9...V13), conepxxanue cepnl He npeBbimaeT 0,03%,
dbocdopa- 0,035 %) nu BeicokokauecTBeHHBIMU (Y 7A, ... Y13A, conepkanue cepbl
He mnpesbimaer 0,02%, docpopa - 0,03%). B mapke OykBa VY o3Hayaer -
WHCTPpYMEHTaJIbHAA CTaib, OykBa A B KOHIIE MapKu - BBICOKOKAaueCTBEHHas, Iudpa
MOKa3bIBAE€T COAEPKAHUE YIIEPOJa B JECATHIX JAOJSAX MPOLICHTA.

Hanbomnee 1uracTuuHble W3 Ha3BaHHBIX CTalled (IOABTEKTOWIHAS (EPPUTHO-
nepautHas Y7, aBTekTowaHble Y8, VY8A) uAyT Ha NPOU3BOJCTBO MOJOTKOB,
CTaMECOK, JOJIOT, 3yOWi, IITAaMIOB M MPOYEro HMHCTPYMEHTa, paboTaromero B
yCIOBUSX yaapHbIX Harpy3ok. M3 craneit V10, V11, Y11A usroraBiuBaroT peslibl,
CBEpJIa, METUUKH, (Hpe3bl, TUTUTKU U MPOYUN MEPUTETBHBIA U PEKYIIUNA WHCTPYMEHT
JUISL pe3aHusl MATKMX MarepuayioB, u3 craier Y12, Y13, VI3A - TtBepasii,
paboTaromuii 6e3 yAapHbIX HArpy30K WHCTPYMEHT (HAMWIbHUKU, PALITUIA, OPUTBHI).
s wusrotoBineHuss 00pabOTKOM pe3aHMeM Ha CTaHKax-aBTOMAarax JeTajei

MaccoBOro crpoca (1aiopl, OONTHI, TalKK, MIMUIBKA U HEKOTOPBIE JPYrHUe JeTallu
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aBTOMOOMJIECTPOEHUS) MPUMEHSIOT Hu3Koyriepoaucteie cramu (0,08. ,.0,45%C) c
noBbIIeHHBIM coaepxkanueM cepsl (0,08...0,3%), docdopa (0,05...0,16%) u gacto
mapranna (0,6... 1,55%). Takue cmanu HazpiBarotcs agmomamuvimy. OOorarieHue
rpaHul] 3epeH (eppura pacTBOpeHHbIM B HeM (ocPopoM U 0O0pa3oBaHUE XPYIKHX
BiIoueHnd (MnS w 71p.) Ha TpaHMIax 3€epeH cTajdu oOJerdaer pe3aHue,
CHOCOOCTBYET IPOOJICHHUIO W JIETKOMY OTIEICHUIO CTPYXKKU. YBEITUYHBACTCS CPOK
CIyOBl PEXKYIIEro HWHCTPYMEHTa W YIY4IIaeTcs KadecTBO 00padaThIBacMBbIX
IIOBEPXHOCTEM.
B coorBerctBun ¢ 'OCT 1414-75 yrnepoaucTbie aBTOMATHBIE CTAU C TOBBIILIEHHBIM
conepskanrem cepbl Mapkupyrot All, A12, A20, A30, A40I'. B o6o3HaueHUn MapKu
OykBa A yKa3bpIBaeT, 4TO CTalb aBTOMAaTHas, MHUQPPHI IMOKA3bIBAIOT COJIEPKAHUE
yIIepo/ia B COTHIX JIOJISAX MPOIIEHTA.

VYiyudmienue o0padaThIBAEMOCTH CTaIM JOCTUTAETCS TaK)K€ BBEJIEHUEM B HEE CBHUHIIA,
cerneHa. YTJEpoaUCThie CBUHIIOBocojepxkaiue cramu - AC 14, AC35172, AC4512,
AC40, cepHUCTOCEIIEHHCTBIE M XpOMHCTOCEepHUCTOceneHucThie - A35E. A45E,
A40XE.

Pexomennyemas nurepatypa: MaTepuanoBeieHHE U TEXHOJIOTUSI MAaTEPHAIIOB:
yueOnuk / [.I1. derucos, ®.A. apudymiun. - M.: HUL] UHOPA-M, 2014. - 397
c. ctpl8l1..., ctp. 174

http://znanium.com/bookread2.php?book=413166

KonTpoabHbIE BOIPOCHL:

1. Kak BiusieT yriepoj Ha CBOMCTBA U CTPYKTYpPY YIJIEPOJIUCTHIX CTAJNE U moyemy?
2. KakoBbI IPUHIIUIIBI KJIACCU(DUKAIIMK YTIAEPOIUCTHIX CTaNEH?

3. YTO MOHMMAIOT MO/ Ka4e€CTBOM CTayeii?

4.IlpuBenere npuMepsl MIPUMEHEHHUS YTIAEPOIUCTHIX CTalei

5.Ha3zoBure npuHOUNBI MAPKUPOBKU YIVIEPOJUCTBIX CTaIEH

JladbopaTtopHas padora Ne6. JlermpoBannblie craau. TepmooOpadoTka cranei.
Hccnenopanue BIMAHHMSA TepMOOOPAOOTKM Ha CTPYKTYPY M CBOMCTBA CTaJleil.

(3 yac.)


http://znanium.com/bookread2.php?book=413166

Ilenb pabOTHI:

1.M3ydyenne NPUHIUIIOB JIETUPOBAHMS KOHCTPYKIIMOHHBIX CTajled W BIWSHUSA
JIETUPOBAHMS HA UX CBOWCTBA;

2. N3yueHue TEXHOJIOTMYECKUX TPOIECCOB TEPMOOOPAOOTKH, HAMpaBICHHBIC Ha
YIIPOUYHEHUSIE CTaJen

3. HUccnenoBanue BIMSHHS MPOILECCOB TEPMOOOPAOOTKH Ha CTPYKTYPY M CBOMCTBA
JIETUPOBAHHBIX CTaJICH

O6opynoBaHre U MaTEepPHUAIIBI:

1. udposoii meramiorpadpuyeckuit komrexke Anstamu MET 1.

2.Muxkpockonsl MeTaimorpaguaeckne MUM7, MUMS.

3.YcraHoBKa 7151 TOJIMPOBAHUS 0OPa3IIOB.

4. XumMudeckue TpaBUTEIU.

5.Ilepconanbubiii kommbioTep: [IK DNS Office s/n FSCA001340-18
6.®oroanmapar 1mudposoit: Canon A550, A640.

7.1puntep Epson Stylus Photo s/n JLCK022081

8.Ckanep Epson Perfection V100 Photo s/n J8SW027315

9. TBepnomep bpunens

10.Tepnomep PokBemna

11. 3akanounblii Oak

12.ITeus snextpuueckas CHOJI-1100, 220 V 50Hz 3 kW TV 16-531408

13. OcHacTka Ui IpOBEIEHUSI TEPMOOOPAOOTKH

11.Komnekmus oOpa3iioB jsi MPOBEICHUS MUKPOAHATIHN3a.

[TocTanoBKa 3a71a4u U 3aJlaHUE:

1.3yunTh NPUHIMIBI JIETUPOBAHUS KOHCTPYKIIMOHHBIX CTaliell ©  BIIMSHUSA
JIETUPOBAHMS HA UX CBOWCTBA;

2. V3yuuTh TEXHOJOTHMYECKHE IMPOLECChl TepMOOOpabOTKM, HampaBiIeHHbIE Ha
YIIPOUHEHHUE CTAJIEU

3. UccnenoBaTh BIMSHUE MPOIECCOB TEPMOOOPAOOTKH Ha CTPYKTYpPy U CBOMCTBA

JIETUPOBAHHBIX CTaJICH
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3.1. Ha3nauute pexum TepMOOOpaOOTKH Jii MPEUIOKEHHBIX MPErnoaaBaTeseM
crajeu
3.2. [IpoBectu TepMOOOPaOOTKY
3.3. [IpurotoBuTh MUKpOULTH(BI TEPMOOOPAOOTAHHBIX CTaJIEH
3.4. [IpoBectn MeTtamnorpaduyecKuil aHAIU3 MUKPOILTA(]OB
3.5. IlpousBectu 3aMepbl TBEPAOCTU
3.6. Ha ocHOoBaHMM TNpPOBEAEHHBIX HCCIEIOBAHUN CHETIaTh BBIBOJABI O BIHUSHUU
TEpMOOOPaOOTKH Ha CTPYKTYpPY U CBOMCTBA CTaJeil.
TeopeTnueckne OCHOBBI U METOAMYECKHUE YKa3aHUs
JlernpoBaHHOW Ha3bIBAETCA CTANIb, B KOTOPYIO Ui NPUAAHUS €U OINPEIEIICHHBIX
MEXaHMYECKUX, TEXHOJIOTMYECKHMX WM  CHEIMAIbHBIX  CBOMCTB  BBEJIICHBI
jgerupyroomue daeMeHThl. OCHOBHBIMU JIETUPYIOIIMMH DJIEMEHTAMU B  CTallu
SBIIIOTCS: XpOM, HHUKEIb, MapraHell, KpeMHUW, MOIMOAEH, BOJbGpaMm, BaHAIWH,
TUTaH, KOOajbT, amOMUHUN u Apyrue. OOO03HAUYECHHS OCHOBHBIX JIETHPYIOIIMX
AJIEMEHTOB B MapKax CTaJed yka3aHbl B Ta01.5. 1. B cramp BBOAWUTCS OJIWH WU
HECKOJIbKO JIETHUPYIOIIMX DSJEMEHTOB. B Mapke cojepaHHe JErupyroIiero
AJIEMEHTa, eciiu OHO mpeBbimaet 1...1.5%, ykaspiBaercsa nudpoii (MaccoBas ois B
MPOLIEHTaX), CTOSIMICH Mocie cOooTBETCTBYIomIe OykBbl. Lludpbl B Hauvane mapku
0003HAYAIOT  COJEpKaHWE  yriepoJa B  COTHIX  JOJAX  MPOLEHTa  JJis
KOHCTPYKIIMOHHBIX CTaJied, B JE€CATHIX - JJI1 MHCTPYMEHTAIbHBIX.
Hanpuwmep:
30XI'CA - 0.3% yraepoaa, okosio 1% xpoma, okoino 1% mapranma, okosno 1%
kpemHus. bykBa A, crosimias B KOHIIE MapKH CcTajdd 00O03HA4YaeT, 4YTO CTajb
BBICOKOKAYEeCTBEHHASI.
09X18HIT - 0.09% yrnepona, okono 18% xpoma, okono 9% Hukens, okono 1%
tutaHa. Cranb Hep)KaBeroIlasi, BHICOKOKAUYeCTBEHHASI.

Tabn. 5. 1 - OOGo3HayeHHE OCHOBHBIX JIETUPYIOIIUX 3JIEMEHTOB B MapKax

crajiei

Haspanue nerupyromero | XuMHYECKUN O6o3HaueHue JIETHPYIONIUX
3JIEMEHTA CUMBOJI AJIEMEHTOB B MapKax crajien
1. Asor N A
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2. Huoobuii Nb b
3. Bonbdpam Y B
4, Mapranert Mn r
5. Menp Cu J1
6. Cenen Se E
7. KobaasT Co K
8. Monu6aen Mo M
9. Huxens Ni H
10.  bop B P
11.  Kpemuuii Si C
12. Turan Ti T
13. Bananuii Vv ()
14. Xpom Cr X
15. AnroMuHHI Al 7o)

B Hacrosimiee BpeMsi 4YMCIO MapoK CTajeil O4YeHb BEJIMKO, Pa3HOOOpa3HbI HX
CTPYKTYpbl M CBOWCTBa. Ba)XHO 3HAaTh, KaKk U3MEHSIOTCA CTPYKTypa U CBOWCTBA
WCXOJHOW CTajdW TpPU BBEACHUU JIETUPYIOIIMX 3JeMeHToB. Heobxomumo ymeTh
MPABWIIBHO BHIOpaTh MAapKy CTalld, KOTOpas MOCJI€ COOTBETCTBYIOIIEH TEPMUYECKOM
00paboTKK 0OecTeynT HEOOXOJUMbIE CBOMCTBA, JOJITOBEYHOCTh M3JENN B paboTe.
JlerupoBaHHBIE W YTIEPOAMCTHIE CTATH MOXKHO KJIaCCU(PUIIMPOBATH MO Pa3IUUHBIM
napamMeTrpamM, B TOM YHCI€ M 10 MpUMEHEHUI0. B mnocnenHem ciyyae ux
MOAPA3ICNAI0T HAa KOHCTPYKIHMOHHBIE, HHCTPYMEHTAIbHBIE M CTAIH CHELUATBHOTO
Ha3HA4YCHMUSI.
KOHCTpYyKIIMOHHBIE CTalld JENATCA Ha CTPOUTEIbHBIE W MAIIMHOCTPOUTEIbHBIE.
CrtpouTenbHble - MPEAHA3HAYEHBI ISl U3TOTOBIICHUSI CTPOUTENIBHBIX KOHCTPYKIUH,
MaIIMHOCTPOUTENbHBIE - JJIi W3TOTOBIEHUS JeTaled MammH. B manHoi pabote
paccMaTpuBaIOTCS MAlIMHOCTPOUTEIbHBIE CTaNMW. ECiIM K MallMHOCTPOUTEIBbHON
CTaJIH HE PEAbSBISETCS KaKUX-JI100 CHEIMATbHBIX  TpeOOBaHUH,
paboTOCTIOCOOHOCTh ~ HW3MEIMM  OmpelessieTcss  3HAYEHUSIMH  CJIEIYIOIINX
XapaKTePUCTHK: TMPOYHOCTH, TUIACTUYHOCTH, YJEIbHOW paboThl nedopManuud u
paspyuieHus (yaapHasi BS3KOCTb).
MepaMu IPOYHOCTH ABJISIIOTCS CIEAYIOIINE XapaKTEPUCTUKHU:
* YCIIOBHBIM MpENEN TEKy4YEeCTH OOH - HANpsKEHUE, MPU KOTOPOM OTHOCUTENbHAs
iactuueckas gedopmarusi obpasma cocrasimsier 0,2% OT mepBOHAYATBHOU

JUTMHBI 00pasia;
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* Mpeaen MPOYHOCTH TMPH PACTSIKEHUH 3, - (BpeMEHHOe compoTuBiieHue) a, (Mlla)
- HalpspKeHHE TPU PaCcTsDKEHUU 00pasila, KOTOPOe MOXKET BBIJIEPKaTh oOpaserl
710 pa3pyIICHUS.

[I1acTUYHOCTH ~METAUNIMYECKUX MaTepUajoB  XapaKTEPU3YETCS  CIEAYIOUUMU

XapaKTepUCTUKAMMU:

* OTHOCUTENBbHBIM yJUIMHEHHEM 5 (%) -OTHOIIEHHEM MpHUPOCTa JIMHBI 00pasia
(A/) B MOMEHT ero pa3pbiBa K epBOHAYaILHON JIuHE (/0);

* oTHocuTelbHBIM cyxeHueM \/ (%)-oTHolIeHHeM HauOOJbIIEro yMeHbIICHUs (B
MECTE pa3pbiBa) TMOIMEPEUHOTro cedeHus obpasna (AA) K mnepBOHAYaIHLHOU
IJIOIIA/IM TIoNepeyHoro ceueHus (Ao).

Vnapuas Bsskocte KCU (JIk/M®) SBIsSeTcss Mepoil HAZeKHOCTH MaTepHana H

OTIPEJIENSIET €ro CIOCOOHOCTh MOTJIONIATh MEXAaHWYECKYH0 JHEPrHi0 B TMpoIlecce

paboThl TOJI HATpPY3KOM, T. €. XapaKTepu3yeT COMPOTUBISEMOCTh MaTepHasa

pa3pylIeHUIO BCIEJACTBUE pa3pacTaHus BO3HHUKIIEH B MeCTe KOHIICHTpAIUH

HANPSDKEHUH MHUKPOTPEIIMHBL. MMUKpPOTpEIMHaA, €CId OHAa HEe pacTeT, MOXKEeT

CYIIECTBOBaTh  JIOCTATOYHO  JIOJITO B  MaTepuajne, HE  CHWXKasg  €ro

paborocriocoOHOCTH. PoCT TpemmHBI TpM HHU3KOH TUIACTUYHOCTH  MeTaljia

MPUBOJIUT K €ro paspyuieHuro. Takum oOpa3om, paspyllleHHe Marepuana Cieryer

paccMaTpuBaTh Kak IMPOLECC 3apOoXkKACHUS ¢ POCTAa TPEHIMHBI, KOTOPHIH

XapaKTepU3yeTcsl MEePUOJIOM BpeMeHHU (T) OT MOMEHTAa NPUJIOKEHUS Harpys3Kd [0

MOMEHTa pa3pylieHus. ITOT NEpPUoj BPEMEHHU, B TEUEHHE KOTOpOro pabdoTaer

U3JIeNNe, XapaKTepU3yeT IOJITOBEUHOCTh MaTepHaa.

B cnyuasx, korja nerand MalidH TOJBEPraroTcs BBICOKMM Harpy3kam, s HX

W3TOTOBJICHUS HEOOXOAMMO TMPUMEHATh YJIydlllaeMble CTald. Y JIy4IIaeMbIMH

HA3BIBAIOTCA CTaM, IOJBEpracMbie 3aKallke M BBICOKOMY OTIYCKy. [lpu Takoii

0o0paboTKe CTallb HWMEET CTPYKTYpy copOuTa OTImycka, OOECIeunBarONIyIO

HAWIy4YIllee COYeTaHWE €€ TMPOYHOCTH M BSI3KOCTH. ECTECTBEHHO, YTO IS

MOJly4eHUsT  TaKOW  CTPYKTYphl ~ CTallb  JIOJDKHA  00Jajgath  CKBO3HOM

MIPOKAIUBAEMOCTHIO.

KoHcTpyKIMOHHBIE yydlllaeMble YIIIEPOJUCTbIC M JIETUPOBAHHBIE CTAIA COJEpPIKAT
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[Topor X1aAHOJIOMKOCTH - HHTEPBAJl TEMIIEPATYP, MPU KOTOPBIX METAILT U3 BSA3KOTO
COCTOSIHMSI ~mepexoauT B  xpymnkoe. Ilpu Temmeparypax Bbllle mHopora
XJIAIHOJIOMKOCTH METAJI pa3pylIaeTcs BA3KO (T. €. pa3pylLICHHIO MPEAlIeCTBYET
riacTuyeckas aedopmaius), Hike - Xpynko. OObIYHO 32 TOPOT XJIATHOJIOMKOCTH
OPUHAMAIOT  TeMIepaTypy  moiayxpynkoro paspymenus (I50). Hanexnas
JKCIUTyaTalldsd W3ACNHsS BO3MOXHA JIUMIIb NOpPH TEMIEparypax BbIlIE [Opora
XJIAJHOJOMKOCTA. Yem Oofbllie paszHUIlAa MEXKAY TeMIepaTypoll 3KCIuTyaTaluu
U3JIeNHsl U CPEeIHEeH TeMIepaTypoill MHTepBaja XJIaJHOIOMKOCTH 150, TeM Ooiblie
3arac BS3KOCTH, TeM HaJiexHee paboTa u3aenusl.

TemmnepaTypa NOJyXpyHOKOro pa3pyllIEHUs 3aBUCUT OT XMMHYECKOTO COCTaBa H
MUKpPOCTPYKTYpHI CTalld, pa3Mepa 3epHa, BUJA TEPMHUYECKOW OOpabOTKH W
MUKPOCTPYKTYpHhI. [lopor Xj1aqHOJIOMKOCTH CTaJld aKTUBHO CHHMIKAETCA 3a CUET €€
nerupoBaHusi XxpoMoM (10 1 %) u ocobenHo Hukenem (puc. 5.2, a). Camwkenue TS0
coctapisier npumepHo 10°C npu yBEIMYEHUM MAcCCOBOW JIOJIM HUKENS B CTAlM Ha
0,01. YiydieHHOE COCTOSIHUE CTajiell COOTBETCTBYET HAanOOJIee HU3KOMY 3HAYCHUIO
T5O, T. €. MOBBIIIEHUIO 3a1aca BI3KOCTH.

Tabnuna 5.3- CaoiictBa peccopHo-npyxkunHbIx ctanedt (I'OCT 14959-79) nmocne

3dKaJIKM U CPpCIHCTO OTIIyCKa

Temnepa- Mexannueckrne CBOMCTBA
Typa, °C (e meHee)
. o0 o o
Mapxka cranu 5 S = 5 = Haznauenne
= > S g 5
= g I = E =S
© ° D p = o2
>
1. 65 840 | 480 780 980 10 35 Peccopsl, npy>XuHEI
2. 65I' 830 | 480 780 980 8 30 MEXaHU3MOB U
3. 55C2 870 | 460 1170 1270 6 30 MaIIVH, MPY>KUHBI
4. S0XT'A 840 | 440 1170 1270 7 35 BaroHoB, YIIPYI'HE
DJIEMEHTBI
CTaHOYHOTO
obopynoBaHUA
5. S50XDA 850 | 520 1070 1270 8 35 Peccopsl 1erkoBbIx
6. 60C2XDA 850 | 410 1660 1860 5 20 aBTOMOOMIIEH,
aBUAIIMOHHBIC
IIPYKUHBI
OTBETCTBEHHOT'O
Ha3HAYCHHUS
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3HAYUTEIIbHO MEHBIIYIO MPOKAIMBAEMOCTb, YEM JIETUPOBAHHBIE, U MPUTOAHBI JIUIIb
JUTSL U3TOTOBJIEHUSI PECCOP M NPYXKUH MAloro ceueHusi, MokHO lloBbicuUTh mpenen
BBIHOCIIMBOCTH peccop W MpyxuH B 1,5.2 pa3a, a clenoBaTelbHO, U UX
JIOJITOBEYHOCTh MOKHO 32 CUET TMAP0a0pa3uBHOTO HIIM JIPOOECTPYHHOTO HaKIena.
[loBbIllIeHUE JOATOBEYHOCTH JI€Taleil MaluH U OO0OpYJOBaHUS TMPEXKIE BCETO
CBS3aHO C YNPOYHEHUEM MOBEPXHOCTHBIX CJIOEB M3JIEIUMN, MOCKOJIbKY pa3pylICHHE
METAJUTMYECKUX H3ETUN B OOJBIIMHCTBE CIIy4aeB Pa3BUBAETCS C TOBEPXHOCTH.
VYC0BHO METO/BI YIPOYHEHUSI MOKHO Pa3IeNuTh HA TP Ipynnbl: 1) HaHeceHue Ha
MIOBEPXHOCTh CJIOS JIPYroro Marepuaina C 3aJlaHHbIMH CBOMCTBaMH; 2) U3MEHEHHE
CTPYKTYpbl MOBEPXHOCTHOTO CIJIOSl; 3) M3MEHEHHE XUMHUYECKOrO0 COCTaBa
MOBEPXHOCTHOTO CJI0s1 UG (HYy3UOHHBIM TyTEM.
Hanecenne Ha MOBEPXHOCTh M3AEIUN CIOEB JIPYTUX METAUIOB (XMMHYECKUM WIIU
raJIbBAaHUYECKUM  CIIOCOOOM, CBApKOW, HAILJIaBKOM, IalKOW, MpHUIIEKaHUEM,
METaUTM3alue)  WIM  HEMETAIMYECKUX  MarepualioB  (OKpalllMBaHUEM,
SMaJUpPOBAaHUEM, TYMMUPOBAHUEM M JIPYTUMU METOJAMH) TO3BOJSET HE TOJIBKO
YOPOUYHATh WM 3alMINATh JIE€Tadd OT BO3JCWCTBUS BHEIIHEW Cpeabl, HO U B
OOJBIIMHCTBE CIly4aeB BOCCTAHABIMBATH KX W3HOIICHHBIE IMOBEPXHOCTU. Tak,
ra3onopouIkoBas WM HWHAYKIMOHHAs HAIJIaBKa METAUIMYECKUX TMOPOIIKOB
cuctembl Ni - Cr - B - Si - C no3BoJiieT BOCCTaHABIMBATh U YIPOUYHSATH THIIb3bI
UWJIUHAPOB, IITOKU, BAJIbl, 3alIUTHBIE BTYJIKU U PAO Apyrux naeraneil. [lomyueHHbie
MOKPBITUSL 0071a/1at0T BBICOKOM TBepAoCThi0 (0 61 HROj), M3HOCOCTOMKOCTHIO H
KOPPO3UOHHOW CTOMKOCTBHIO. [IOBEpXHOCTHBIE CJIOM CTAIBHBIX H3JCIAN MOMKHO
YOPOYHATh  XOJIOAHBIM  IJIACTHUECKUM  J1e(OpMHUpPOBAHUEM, TMOBEPXHOCTHOMN
3aKaJKOM, JTa3epHOi 00padOTKOM U HEKOTOPHIMH JAPYrMMHU MeTonamu. PaccMmoTpum
HA3BaHHbBIE METObl HECKOJBKO TMOPOOHEE.

XoIoaHOe TIacTUYecKoe aeGopmMupoBaHue.
XonoaHoe IuIacTUYeckoe JedOopMUpPOBaHHE OOECIEUYMBAET HaKIeN, T. €.
yIpouHeHrue Mmertauia. Eciy Hakieny nojasepratb NOBEPXHOCTHBIM CIIOM W3AENHS,
MOBBIIIAKOTCA TBEPAOCTh M H3HOCOCTOMKOCTh €ro MOBEPXHOCTH, CO3/Ial0TCs

OoJIBIIINE OCTAaTOYHBIC HaIIPsAXKCHHA CXKaTus, BO3pacTacT COIIPOTHUBJICHHUC
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[ToBepxHOCTHAs 3aKajka.
[ToBepxHOCTHAs 3aKajKa JETajdd, B OTIUYME OT OOBEMHOMW, MO3BOJSET YIPOUHSTH
TOJIbKO TOBEPXHOCTHBINA CJIOW Ha OMpeneseHHYI0 TTyOuHy. Ee MOXHO MpOBOIUTH
IByMsi criocobamMu. B mepBoM cilydae HarpeBarOT TOJIBKO TOBEPXHOCTHBINA CJIOH,
KOTOPBIM 3aTE€M 3aKAIMBAIOT MPHU OXJaXACHUU. B apyrom ciiyyae HarpeBarOT BCHO
JIeTajb, HO IPU 3aKAJKE OXJIAKIAKT TOJIBKO IMOBEPXHOCTHBIM CJIOHW CO CKOPOCTBIO,
00JbIIIeH KPUTHIECKOH.
Haubonee pacrpoctpaHeHbl B MPAKTUKE MOBEPXHOCTHAS 3aKalKa ¢ MHIYKIIMOHHBIM
HarpeBoM ToOKamMu BbICOKOW 4acTtoThl (TBY) u mnoBepXHOCTHas 3akajika C
ra3oIJIaMEHHBIM HarpeBOM H3JCIIHM.
IToBepxHOCTHAs 3aKajka ¢ UHAYKIMOHHBIM HArPEBOM TOKAMH BBICOKOM YaCTOTHI
(TBY).
Mertop pazpaboraH poccuiickuM yueHbIM Bonorauasim B.I1.
OcHOBaH Ha TOM, 4YTO €CIIM B IEPEMEHHOE€ MAarHUTHOE II0JIE, CO3/1aBacMOE
MIPOBOJHUKOM-UHTYKTOPOM, MOMECTHTh METAINTMYECKYIO JeTalb, TO B HEll OymayT
WHIYLUPOBATHCSI BUXPEBBIE TOKH, BBI3bIBAIOIIME HAarpeB Metauia. Yem Ooiblie
94acToTa TOKa, TEM TOHBIIIE MOTy4YaeTcs 3aKajJeHHbIA coi. OOBIYHO HCIOJIB3YIOTCS
MaluHHbIE TeHepatopbl ¢ 4actoroil 50... 15000 ' ¥ naMmoBble TE€HEPATOPHI C
gactoroit Gonsime 10° I Iny6uHa 3aKaIeHHOTO CIOS - IO 2 MM.

Tonmuua (M) 3aKajJeHHOTO CJIOS MOYKET OBITh MOJCUYHMTaHA O (hopmyJie:

h= 446 x10° |2
uf

IIe p — YIEIbHOE JJICKTPOCONPOTHBICHUE cTaid , OM M; II — MarHuTHas
npoHumaemMoctb, ['v/M; f - gacrora, I'm.

NHIyKTOpBl M3rOTaBIMBAIOTCS W3 MEIHBIX TPYOOK, BHYTPH KOTOPBIX IUPKYIUPYET
BoJa, Onarojaps 4eMy OHH He HarpeBaroTcs. dopMa HMHIYKTOpa COOTBETCTBYET
BHEIIHEH QopMe u3Jenus, NP 3TOM HEOOXOJMMO ITOCTOSHCTBO 3a30pa MEXIy
WHIYKTOPOM M MOBEPXHOCTHIO m3enus. CxeMa yCTaHOBKH IS 3aKaJIKH CTaIbHBIX

neraneit ¢ HarpeBoM TBY npexacrasnena Ha puc.S. 6.
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* TO3BOJISIET MPOBOAUTH 3aKaJKy OTIEIbHBIX YYACTKOB JETAIIH.
OCHOBHOI HEOCTAaTOK METOJA - BHICOKAss CTOMMOCTh MHIYKIHUOHHBIX YCTAHOBOK W
HUHyKTOPOB.
[lenecooOpa3HO HCTONIB30BATh B CEPUITHOM U MacCOBOM IPOHU3BOJICTBE.
l'azommamenHas 3akanka.
HarpeB ocymiecTBisieTcss  aleTUICHOKUCIOPOAHBIM, Ta30KUCIOPOAHBIM  HIIU
KEpOCUHOKUCIOPOAHBIM IIaMmeHeM ¢ temneparypoit 3000...3200 °C.
CtpykTypa NOBEPXHOCTHOTO CIIOSI MOCIE 3aKaJIKM COCTOUT U3 MapTEHCHUTA,
MapTteHcuta u ¢depputa. TommuHa 3akaneHHoro cios 2...4 MM, tBepaocth 50...56
HRC3.
Meron mnpumeHseTcs Uil 3aKalKd KPYMNHBIX W3ACNIHNA, HMEKOIIHNX CIOXKHYIO
MOBEPXHOCTDH (KOCO3YyOBbI€ IIECTEPHU, YEPBSKH), ISl 3aKAIKU CTATbHBIX U YYTYHHBIX
MIPOKATHBIX BaJKOB. Vcnoyb3yeTcss B MacCOBOM U MHJIMBHUAYaJIbHOM IMPOU3BOJCTBE,
a TaKXe MPH PEMOHTHBIX paboTax.
IIpu HarpeBe KpYyHHBIX W3ACIAUMM TOPEJIKM U  OXJIAXKIAIOIIME YCTPOMCTBA
MePEeMEIAlOTCs BJIOJIb U3JIEIHs, WK - HA000POT.
Henocrarku merona:
* HEBBICOKAas MPOU3BOAUTEIHHOCTD;
* CIOXHOCTh PETYJUPOBAHMS TJIYOMHBI 3aKaJEHHOTO CJIOS M TeMIepaTypbl

HarpeBa (BO3MOXKHOCTB TI€pPETrpeBa).

JIazepHOE MOBEPXHOCTHOE YIIPOUYHEHUE.

[Ipn MOBEPXHOCTHOM YMNPOYHEHHM J€Talled 0CO00 CIIOKHOM KOH(UTypalnuu Ha
MaJbIX y4acTKaxX UX IMOBEPXHOCTH C OOECHEYeHHEM MHMHHUMAJBHBIX Aedopmariuii
(pe31iibl, PIEMEHTHI IITaMIIOBOM OCHACTKH, BTYJIKM M Celjla KJarmaHoB, MOPITHEBBIC
KOJbI[a, TaNTeNd KOJEHYATHIX BaJOB, BKJIAJBIIU IWIMHIPOB M Jp.) Haubosee
7 (deKTUBHO Ja3epHOe MOBEPXHOCTHOE yrpouHeHue. OOIIue 3aTpaThl SHEPTUU TIPH
TaKoOM YNPOYHEHUHU MPUMEPHO B 3 pasza Huxke, yem mpu 3akainke TBY, u B 20 pa3
HUKE, YeM MPU 00bEMHOM 3aKajKe B MEUH.
Jlazeppl - DOTO ONTHYECKHE KBAaHTOBBIE TE€HEPATOPHI, BBIpAOATHIBAIOIINE

BBICOKOKOHLICHTPUPOBAHHBIM IIYyYOK CBETOBOM JHEpruu. I3BECTHBI ra3oBbI€,
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IMOJYIIPOBOAHHUKOBBIC, TBCPAOTCIBHBIC MW  XHUIKOCTHBIC  JIa3CPbI paBHHLIHOﬁ

MOIIHOCTH.

Puc. 5.12. MakpocTpykTypa «I0pOKKW» MOCIE JIa3epHOM 3aKaJIKU CTaJIH.

Puc. 5.13. Mukpoctpykrypa craiu (0,65 %C) mocie igazepHoii 3akanku ctamd. ~400.
JIJisi TOBEPXHOCTHOTO YIPOYHEHHUs Yallle BCEro NmpuMeHstoT razoBbie CCb-nazepbl
HEIMPEPBIBHOTO JICUCTBUS WJIM MUMITYJIbCHBIE TBEPAOTEIbHBIE JIa3€pbl MOIIHOCTHIO
0,5... 10 kBr. Kparkospemennoe (FO... 10~ ¢) Bo3aeiicTBHE CBETOTYYEBOro MmydKa
BBI3BIBAET Pa3orpeB HEOONbIIOTO (10 4 MM B JuaMerpe U A0 | MM TIIyOMHOM)
o0beMa MeTajuia, KOTOPBIA 3aKaJMBAETCs BCJIEICTBUE OBICTPOTO OTBOJIA TEIUIOTHI B
MeTal. B ciiydae HarpeBa O OIUIaBIEHUS BECbMa TOHKOTO CJOS BO3MOXHO Ja)e
oOpa3oBaHre aMOpP(PHOro MeTasuia (OCTEKIOBHIBAHUE).
OObl4HO  cres;  BO3JEHCTBUSL  Jyda Jjazepa  («IOpPOKKa»)  COCTOMT U3
MOCIIEZIOBATENILHO PACIOJIOKEHHBIX OKPYTJbIX TmsATeH (puc. 5.12), kaxmoe wu3s
KOTOpPhIX HMMEET JIB€ TEPMHUYECKHE 30HBI - IEHTPaJIbHYI0 U Tepudepuitnyo.
MuxkpocTpyKkTypa ctaiu B msTHE (OT ero nepudepuu k cepiieBuHe) Oenas 30Ha -
HETPaBsALIMUCA  MEJKOAUCIEPCHBIM  BECbMa  TBEPABIM  MApTEHCUT,  3aTeEM
KPYMHOUTOJBYATBII MapTEHCUT W MApPTEHCUTHO-(QEpPpUTHAST CMECh HEIOJHON
3akanku (puc. 5.13).
JlazepHast 00paboTka TpPUMEHSETCS JUIS  YOPOYHEHUS  YIJICPOAUCTBIX |
JIETUPOBAHHBIX KOHCTPYKIIMOHHBIX W HWHCTpyMEHTaNbHbIX craieir (40, 45, V10,
X12, XBI', P18, IIIX15), cepbiX, KOBKMX U BHICOKOTIPOYHBIX YYTyHOB.

Xumuko-tepmuueckas oopadorka (XTO) cranm.

[ToBEpXHOCTHOE YIPOYHEHHUE AECTAJICH MOXKHO OCYIIECTBUTh XUMHKO-TEPMUUYECKOU

obopabotkoit (XTO), T. e. myreM HMX HarpeBa B XUMHUYECKH AaKTHBHOU cpeje,
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BBI3BIBAIOIIETO M3MEHEHHE XMMHUYECKOTO COCTaBa, a, CIEI0BATEIbHO, CTPYKTYPhI U
CBOWCTB MeETajljla MOBEPXHOCTHOIO ClosA. B 3aBHCHMMOCTM OT BHAA IIPUMEHSIEMOU
XTO MoxHO u30HUpaTENbHO TMOBBICUTH €r0 TBEPAOCTb, H3HOCOCTOHKOCTD,
OKaJIMHOCTOMKOCTh M YJIYUYIIUTh P APYTUX CBOMCTB. OCHOBHBIM IPEUMYILECTBOM
XTO nmnepex ApyrMMHM METOAAMHM  IOBEPXHOCTHOIO  YNPOYHEHUS  SBISETCS
BO3MOKHOCTh PAJUKaIbHOIO M3MEHEHUS CBOWCTB CTallM M HE3aBUCHUMOCTH
pe3yJbTaTOB OT CTeneHu CHokHOCTH ¢opmbl aetanu. [Ipu XTO mpoucxomut
1 Gy3MOHHOE HACBIIIEHUE CTAU MPU BBICOKOW TeMIlepaType COOTBETCTBYIOIIMM
anemenToM (C, N, B, Cr u ap.) uiam KOMILIEKCOM 3JIEMEHTOB.

JIro6o#t Buag XTO cocTouT M3 Tpex dJeMEHTapHbIX dSTamoB: 1) oOpa3oBaHus B
HACBIIIAIONIEH Cpe/ie aKTUBHBIX aTOMOB HACHIIIAOIIETO 3JIEMEHTA, 2) afcopOIHH, T.
€. MOIJIONICHUS aKTUBHBIX aTOMOB Ha TOBEPXHOCTH HACBIIIAEMOI0 MeTasuia, 3)
g dy3un, T. €. MPOHUKHOBEHHSI aKTUBHBIX aTOMOB B HACBIIAEMbIA METaILI.

XTO B0O3MOXHA B cilydae, €ClId HAChIIAIOIUN MaTepual U HACHIIAEMbIA 3JIEMEHT
B3aMMOJICHCTBYIOT, T. €. 00pa3yloT TBEpJbl€ pACTBOPHl WJIA XUMHYECKHE
coequHeHusd. [l Toro urToObl cyauTh O (a3oBOM COCTaBe TMOJYYEHHBIX
¢ Gy3uOHHBIX CIOEB, paccMaTpuBarOT npu Temreparype XTO wuzorepMuvecKuit
pa3pe3 COOTBETCTBYIOIIEW JAMarpaMMbl COCTOSIHHMSI CIUIABOB (Hampumep, Mpu
HayriaepokuBaHuu keneza - guarpammbl  Fe-C)  Ckopocts  (popmupoBaHus
1upGy3MOHHOTO  CJIOSL  3aBUCUT OT TPUPOJBI  HACHIAIOMIETO dJIEMEHTa W
HACBIIIAEMOr0 MeTajula, TeMIepaTypbl U NpoaosmkutesbHOCTH XTO. DneMeHTHI,
MMEIOIINE aTOMbl 3HAYUTEIbHO MEHBUIETO pa3Mepa, YEM HACHIINIAEMbId METall, U
oOpa3ymoIue TBEpAble pacTBOPHl BHEApPEHUS, AUPPYHIUPYIOT 3HAYUTEIBHO
ObICTpee, YeM IJIEMEHTHI, 00pa3yIolIre TBEPAbIE PACTBOPHI 3aMEIICHHS.
[IpuMeHsI0TCS B MPOMBIIUIEHHOCTH TaKHe BUABI 00paOOTKU MOBEPXHOCTHBIX CIIOEB
CTAIbHBIX U3JIETUN, KaK ULEeMEHTaluus (HayrJiepoXUBaHHUE), a30TUPOBAHUE,
[MaHUpOBaHue, OopupoBanue, MU Py3nOHHAS METAIITU3AIHS.

[lemenTarusi (HayTJIEpOXKUBAHUE) - ATO TMPOIECC HACHIIIEHUS TOBEPXHOCTHOTO
COs  CTalNbHBIX JeTane yriepomoM 1mpu Temmeparypax 880..950°C B
yriepojacoaepkaimein cpene (kapOropusarope). Breibop Ttemmeparyp Bbimie A3
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OOyCIIOBJICH 3HAYUTEIIbHOM pacTBOPUMOCTBIO yIyiepona B aycreHure. HMHorma
LEMEHTalM0 BenyT npu Temrepatypax g0 1050 °C, 4ro mo3BojsieT 3HaYUTEIbHO
yckoputh aud@dy3uro yriepojia M Mpoiecc HACHIIEHUS UM MOBEPXHOCTHOTO CJOS
neranu. llenb 1eMeHTaMu ©  TMOCHENYIOMIEH TepMHUYECKOW oO0padoTku -
MOBBIIICHUE TBEPJOCTH, U3HOCOCTOMKOCTU U Tpe/eia BBIHOCIUBOCTU CTaJIH.
[lemMeHTanuu moaBepraroT 3yOUaThie KoJieca, pachpelenTeNbHble BaJUKU, BTYJIKH,
MOPIIHEBbIE MaJblbl W JIPyrue AETAIH W3 YIVIEPOAUCTBIX WIA JIETUPOBAHHBIX
cranei, comepxanmux A0 0,25 % C. Takue cramd Ha3bIBAIOT IIEMEHTYEMBIMHU.
HayrnepoxuBanue u repmudeckas oOpaboTka JeTanu 00eCleurnBaloT MOTyuYeHUE ee
TBEPAOrO  IMOBEPXHOCTHOIO  CJOs NpH  BA3KOW  cepaueBuHe.  TommmuHa
HAYTJIEPOKEHHOTO cliosi 00biYHO cocTaBisier 0,4..2 MM, cojepxaHHe yriepojaa B
Hem-0,9...1,1 %.

B maccoBoM MNpOM3BOJCTBE ILIMPOKO MPUMEHSIOT Ta30BYK ILIEMEHTAIUIO,
MPEUMYIIECTBA KOTOPOM B BBICOKOW MPOU3BOAUTEIBHOCTY W BO3MOXKHOCTH
TEPMOOOpPaOOTKM € IIEMEHTAIlMOHHOTO HarpeBa. B kauecTBe KapOOpU3aTOpOB
UCIIONIB3YIOT METaH, MPOMaH-OyTaHOBBIE CMECH, CHEIUAIbHbBIE JHAOTa3bl, KHUJIKHE
YTIEBOAOPOIbI (KEPOCHH, CHUHTHH), 00pa3yrolue Npu TeMIiepaTypax IeMEHTaIluu
ra3bl, TUCCOLMUPYIOIINE C BBIACICEHUEM aroMapHoro yriaepoja. [Ipouecc BenyT npu
910...930°C B Teuenue 6..12 9 B MIAXTHBIX T€YaxX WM aBTOMATH3HMPOBAHHBIX
O0e3My(QenbHbIX ~ arperaTax  HENPEphIBHOTO  JedcTBUs.  Jns  momydeHus
HAyTJIEPOKEHHOI'O CJIOS CTalM TOJIIMHOW OKOJO | MM NIpU ra3oBOd LIEMEHTALMH
Tpebyercst 6...7 4, a mpH IEMEHTAllMh B TBEPAOM KapOropuzaTope- okojo 10 u.
Takast mpoAOIHKUTENbHAS BBIIEPAKKA BbI3bIBAET YKPYITHEHNE 3€pHA ayCTCHUTA.
HcnpaBuTh KpyMHO3EPHUCTOCTh MOBEPXHOCTHOTO CIIOS JE€TANM W NPUAATh €My
BBICOKYIO TBEPOCTh MO3BOJIAIOT MOCIEAYIOas TepMudeckas o0paboTka, 3aKkajika u
HU3KUK oTmycK. llepByro 3akaliky WIM HOPMajdu3alUl OCYLIECTBISIOT C
temnepatyp 900...920°C. OnHa 1O3BOJISIET HU3MEILYUTH 3E€PHO CEPALEBUHBI U
YHUYTOKUTh [IEMEHTUTHYIO CETKY B IOBEPXHOCTHOM cjoe JieTanu. Bropas 3akanka
¢ temrneparyp 750... 760 °C ycTpaHseT neperpeB B MIOBEPXHOCTHOW 3a9BTEKTOUTHOMN

30HE€ HAYIJIEPOKEHHOIO CJIOA W MPUIAET €d MaKCUMAaJbHYIO TBEpAOCTh Huskwii
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OTITYCK TIO3BOJISIET YMEHBIIUTh BHYTPEHHUE HAIPSKEHUS B JI€TAJU.

[locne MemneHHOro  OXJaXAeHHWs JeTand (B PaBHOBECHOM  COCTOSIHUH)
HAyTJIEPOKECHHBI CIIOM HMMEET MHUKPOCTPYKTYpPY, IPEACTABICHHYIO Ha puc. 5.14.
AyCTEHUT TIOBEPXHOCTHOTO CJIOS C cojepkaHueMm yriepona Oomee 0,8 %
MIPEBpAIIAECTCS B MEPJIUT U LIEMEHTUT BTOPUYHBIN (3a3BTEKTOMIHAS 30HA), okouo 0,8
% - B mepnut (IBTEKTOMIHAS 30HA), a coaepxkamuii Mmenbie 0,8 % - B deppur u
nepauT (mepexoaHas 30HA). 3a TOJIIMHY HAYTJIEPOKEHHOTO CJIOSI MPUHUMAIOT
CYMMAapHYIO TOJIIMHY 3a3BTEKTOUJHOW, BTEKTOUJIHOW M IIOJOBHUHBI IMEPEXOIHOMN
30Hbl. CTanp Mocjie LEeMEHTAlMH, 3aKaJKh M HU3KOrO OTIIyCKa B MOBEPXHOCTHOMN
30HE UMEET CTPYKTYPY MEJIKOMTOJIbYaTOr0 MAPTEHCHUTA OTIYCKA C BKIIOYECHHUSIMU
ocratouHoro aycrenuta (58...64 HRCa).

Ecnu nemeHTanmm noJaBepraroT HACclIeICTBEHHO-MEIKO3EPHHUCTBIE CTaIHN, B KOTOPBIX
3€pHO PACTET HE3HAUYUTEIbHO, MPUMEHSIOT OJIMHAPHYIO 3aKAJIKy MIPU TeMIleparypax,
npesbimatonmx Acl  (820..850°C), w Huskuit ormyck. Jlisg HaciencTBEHHO-
MenKko3epHUCThIX cTanedl Tuna 20XI'T uiaM HEeOTBETCTBEHHBIX JAETalell MOXKHO
[OCJIE Ta30BOM ILIEMEHTALMM MPUMEHATHh 3aKalKy C [MOACTYKUBAHHEM [0
temrepatyp 840...860°C u oxnaxaenue B ropsuem macie (160...180°C). CaoiicTBa
HEKOTOPBIX [IEMEHTYEMbIX CTaJIel MOcie YIPOYHEHUs MPUBEACHBI B TabmuIe 5.5.
Tabn. 5.5 - .CoiictBa koHcTpyKIHOHHBIX cTanei (I'OCT 4543-94) nocne

HeMEeHTaIK (HAyTIepOKUBAHMS ), 3aKaJIKU M HU3KOTO OTIyCKa

Tsepnocts, HACH
Tonmuua o ® .
Mapka PexuM XUMUKO-TEPMHUYECKON | YIPOYHEH- e = =
Uz nenusa v O
CTaJH 00paboTKu HOT'O CII04, &0 g £
MM S 2 &
= o
12XH3A 3y6uatsie koneca | [lemenranusa - 900°C, 3akanka | 0,8...1,1 58 26...40
penyktopoB, B | - 800°C, ormyck - 170°C
TOM qucIe
aBUAITMOHHBIX,
CTaHKOB
18X2H4B A | To xe Hemenrtanusa - 900°C, ormyck - » 56...59 | 35..43
500°C (mBykpaTHBIN), 3aKajka
- 830°C (Bo3myx), OTHYyCK -
180°C
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18XI'T Harpy:xeHnnbie l'azoBasg mementamus - 930°C, | 0,2...0,25 | 56...60 30
3yOuaThle KoJjeca | MOACTY)KUBaHHWE U 3aKajika C MOJTyJIst
aBTOMOOMIICH, 830°C, ormyck - 190°C Kojeca
CTaHKOB

nOBerHOCTb aertann

UemeHTUT

MapTeHeuTt

Cepauesuna aget

MNepaut

A30TUpOBaHUE - XUMUKO-TepMUYEcKasi 00padoTKa, Mpu KOTOPOW TTOBEPXHOCTHBIC
CJIOU JETAIN HACBIIIAKTCA a30TOM.
Bnepsoie  azorupoBanme  ocymectBwi  YUwmxkesckuii ML, nmpomblimieHHOE
[IPUMEHEHUE - B JBAJILATHIC OB
IIpyu a30THpOBaHUM YBEIMYMBAIOTCA HE TOJBKO TBEPAOCTh U M3HOCOCTOMKOCTH, HO
TaKXe IMOBBIIAETCSI KOPPO3UOHHASL CTOMKOCTb.
IIpu a3zoThpoBaHMM W3AENHs 3arpyKarOT B I'€PMETHUYHBIEC II€YM, KyJa IOCTYIaeT
ammuak NH3 ¢ onpeneneHHoil ckopocThio. [Ipu HarpeBe aMMuak JUCCOLUUPYET 1O
peaKUnu:
2NH; > 2N + 3H,.

ATOMapHBII a30T MOTJIOMIAETCS MOBEPXHOCTHIO U AU GYyHAUPYET BriayOb U3AETusl.
@da3pl, MNOJIydarOMecss B a30THUPOBAHHOM CIIO€ YTJIEPOAUCTBIX CTAJIEW, HE
00ecrevYnBarOT BHICOKON TBEPAOCTh, M 0OPA3YIOIIUICS CIIOW XPYITKUIA.
Jl7ig a30TUPOBAaHUS UCIOJB3YIOT CTaIH, COAEpKAIlIe aJTlOMUHUN, MOJTUOMIECH, XpOM,
TuTaH. HUTpUIBI 3TUX 37€MEHTOB TUCIEPCHBI M 00JIaJal0T BHICOKON TBEPIOCTHIO U
TEPMUYECKOU YCTOWUYHUBOCTBIO.

Tunossie azotupyemsie ctanu: 38XMIOA, 35XMIOA, 30XT2H3IO.
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['myOuHa ¥ TMOBEPXHOCTHAs TBEPJAOCTh A30THUPOBAHHOIO CIIOS 3aBUCAT OT pAJla
(bakTopoB, u3 KOTOPBIX OCHOBHBIE: TeMIieparypa a30TUPOBAHUS,
MPOJIOJKUTENIbHOCTh a30TUPOBAHUS U COCTaB a30TUPYEMOM CTallu.

B 3aBucumocTtu oT ycioBuid paboThl AeTalell pa3audaoT a30THPOBAHUE:

* U1 NOBBIIICHHS TIOBEPXHOCTHOM TBEPIOCTU U U3HOCOCTOMKOCTH;

* IS YIIyYIIEHUS KOPPO3UOHHOW CTOMKOCTH (aHTUKOPPO3UOHHOE a30TUPOBAHUE).

B nepBom ciywae mpouecc npoBoasaT npu temmeparype 500...560°C B TeueHue
24...90 4dacoB, Tak Kak CKoOpocTh aszotupoBanus coctaBisger 0,01 wmm/u.
CognepxaHue a3oTta B MOBEPXHOCTHOM ciioe coctaBisier 10... 12 %, TonmuHa cios
(h) - 0,3..0,6 mMm. Ha moBepxHocTu moiydaroT TBepAoCcTh okoso 1000 HV.
OxJtakieHue NpoBOAST BMECTE C MEYBI0 B MOTOKE aMMHUAKA.

3HAUUTENLHOE COKpAlIeHUE BPEMEHU a30TUPOBAHUSA JOCTUTAETCS MPU HOHHOM
a30TUPOBAHUU, KOTJA MEXKAYy KaroAoM (IeTanblo) U aHOoAOM (KOHTEHHEpHOM
YCTaHOBKOW)  BO30OykmaeTcss  Tieroumii  paspsa. llpoucxomut  uvoHU3aNUsA
a30TOCOJIEPIKAIIETO Tra3a, U MOHBI OOMOAapAMpYsl TMOBEPXHOCTh KaToja, HarpeBaroT
€ero 10 TeMmIepaTypbl HachllleHus. KaTogHoe pachbUleHHE OCYILIECTBISETCS B
teueHue 5...60 muH npu HanpspkeHun 1100... 1400 B u naBnenun 0,1...0,2 mm pr.
cT., pabouee Hampspkenwe 400... 1100 B, mpomomxuTenpbHOCTH Mporiecca a0 24
4acoB.

AHTHUKOPPO3MOHHOE A30TUPOBAHUE MPOBOIAT W JUISl JIETUPOBAHHBIX, © IS
yriepoaucThix crasied. Temmeparypa npoBeneHusi asotupoBanHusa - 650...700°C,
MIPOJIOJDKUTENILHOCTD mpoliecca - 10 gacoB. Ha moBepxHOcTH 00OpasyeTcst cloi -
¢a3zer TonmuHoM 0,01...0,03 MM, KOTOpPBI 00JIaJaeT BHICOKOM CTOMKOCTHIO TIPOTHUB
KOpPpO3UMU. (8 -baza - TBepabIli pacTBOp Ha OCHOBe HUTpuua keneza Fe3N,
UMEIOIIUI TeKCaroOHAJIbHYIO PEIIETKY).

A30THpOBaHHE MPOBOASAT HA TOTOBBIX M3ACNIHSX, MPOLIECAUINX OKOHYATEIbHYIO
MEXaHHYECKYIO0 U TEPMHUUECKYI0 00paboTKy (3aKajika ¢ BHICOKMM OTITYCKOM).

[Tocne a3oTupoBaHUs B CEpIALEBUHE H3JIENHS COXpPaHSAETCs CTPYKTypa copOuTa,

KOTOpasd o0OecrieunBaeT IMOBBIIMICHHYIO IIPOYHOCTL U BA3KOCTD.
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Kpome Toro, Oojiee COBpEeMEHHBIMH SIBJISIOTCS IPOIIECCH HOHHON XUMHUKO-

TepMuuYecKkoil 00paboTku. http://ion-procion.ru/ob-azotirovanii/ionnava-khto/
HNonnas Xumuko-Tepmuueckas O6paboTka - KOMILIEKC Hanbosiee MpOrpeCCUBHBIX,
pecypcocOeperaromux M 0€30TXOAHBIX MPOIECCOB - HOHHOE a30THUPOBAHUE U
KapOOHUTPUPOBAHUE, KOTOPHIE OOECIEUMBAIOT MPEUMYIICCTBEHHbIE KauecTBa H
ciy>)keOHbIE CBOWMCTBA Ha JIOOBIX CTalisiX, CIUIABaX M METAJUIOKEpaMUKE U
MpeIHa3HAuYeHbl JJIS PA3JIUYHBIX M3JEIUA M HMHCTPYMEHTa BO BCEX OTPaCIsix
MIPOMBITIIEHHOCTH.
[Ipouiecc audpdy3nOHHOTO HACHIIMIEHUS OCYIIECTBIACTCS B  a30TCOJEpPKaIIeH
ra3oBoil cpeze mpu paboueM naBieHUM B kamepe ycraHoBku 0,4-10 mGap mon
BO3JICHCTBUEM MMITYJIbCHOM 1ia3Mbl (yactota 10 kI'm, Hampspkenune 400-800 B),
BO3HHUKAIOIIEH MEXIy KarogoMm (AeTalisiMH) M aHOAOM (CTEHKAaMH BaKyyMHOM
Kamepsl). B pesynprate (PU3MKO-XMMHUYECKUX PEAKIMi, MPOTEKAIUX Ha
MOBEPXHOCTU JETajeil OXBAaYCHHBIX CJIIOEM MOHU3UPOBAHHOTO Ta3a, AaKTHUBHO
o0pa3yroTcsi pazaudHble MOoAuUKaud AU(Py3NOHHBIX TOKPHITHI, COCTOSIINE U3
HUTPUJIOB U KapOOHUTPHUIOB Kelie3a, XpoMa, BaHAMs, TUTAHA U APYTUX DJIEMEHTOB.
Takue TOKPHITHS B 3aBUCUMOCTH OT HMCXOJHOM MPOYHOCTH MeTajuia 00JamaroT
BBICOKMM Kau€CTBOM U CIy>K€OHBIMU CBOMCTBAMHU, B YACTHOCTH:
*  VYriuepoaucTteie u HU3KOJIETUPOBAHHbBIE cTalu
- h=0,2-1,1 mm, 350-650 HV; 35-58 HRC;
* CpennenerupoBaHHbIC cTanu
- h=0,1-0,8 mm, 650-1200 HV; 58-71 HRC;
* BrIcOKOJIETHPOBAaHHBIE cTainu U Ti-craBbl
- h=0,1-0,3 mm, 700-1300 HV; 60-73 HRC;
* HWHcTpyMeHTanbHBIC cTalu
- h=0,01-0,3 mm, 800-1300 HV; 64-73 HRC;
*  Meramokepamuka
- h=0,01-1,0 mm, 350-650 HV; 35-58 HRC;
* YyryHsl
- h=0,1-0,3 mm, 500-700 HV; 49-60 HRC.


http://ion-procion.ru/ob-azotirovanii/ionnava-khto/

#

Yupoun€HHble U3ENHS 00JAagaloT BBICOKON TBEPIOCTHIO, YCTAJIOCTHOM H
KOHTaKTHOW MPOYHOCTHIO, HAMIYUIINM KOMIUIEKCOM H3HOCO-3aIUPOCTONKUX
u AHTUKOPPO3HUOHHBIX CBOWCTB:
Koaddunuent tpenus co cmaskoii - 0,03... 0,05;

* Kosddunuent tpenus B cyxux ycnosusx - 0,1... 0,3;

* Koppo3uoHHO-3p0O3MOHHAs CTOWKOCTh COOTBETCTBYET BBICOKOJIETMPOBAHHOMN

craym 12X18H10T;

» KoHTakTHO-ycTag0CcTHAsA MPOYHOCTH U JOJATOBEYHOCTH BhIlIE B 1,5... 2 pasa.

* DKOJIOTHYecKas YUCTOTa, 0€3BPEAHOCTh U OE30TXOTHOCTH MPOIIECCOB;

* Pecypcocbepexenne 3a C4eT pe3KOro COKpallleHUs dIEKTPOIHEPTUH B 2-5 pa3

(cpemnee motpedaenue 0,05...0,1 kBTr-yac Ha 1 xr u3aenus) u paboyux razoB B
100-200 pa3 (1 6amnon amMuaka Ha 3 Mecsia paboOThl YCTAHOBKH);

* [loBeiIeHnEe MPOU3BOAUTENHLHOCTH, CHUKEHHUE TPYAOEMKOCTH U

cebecronmMocTu 00paboTku B 2-4 pasa;

* [loBbieHne KauecTBa MOKPHITHIA 32 CYET PABHOMEPHOTO, PETYINPYEMOTO U

6e3nedexTHOro GopMUPOBAHHUS YIIPOUHEHHBIX CIIOEB;

* MuHuManbHOE M3MEHEHHE Pa3MEpPOB U COXPAaHEHHE YHMCTOBBIX MapaMeTpoB B
JOITyCKax KOHCTPYKTOPCKOU JIOKYMEHTAalIWH, 4TO UCKJTIOYaeT
JIOTIOJTHUTETFHYI0 MEXaHUYECKYI0 00pabOTKYy YIMPOYHEHHBIX W3IEIHIA

* [IpumeHeHre MNPOCTBHIX M JEHIEBBIX CIIOCOOOB MPEJOXPAHECHUS NETaNel MpH
MECTHOM YINPOYHEHUHU, KOTOpPbIE 3aMEHSIOT BpEIHbIE U JOPOTOCTOSIINE

rajJlbBaHUYCCKHE, a TAKXKE IPYrue U30IMPYIOMNE XUMHUYECKUE MMOKPHITUS
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* (Co3gaHue cCHenuaiu3upOBAHHBIX THUIIOB 3aLIUTHBIX MOKPBITUM, HMEOIIUX
CHEIHMATFHO OPHEHTUPOBAHHOE M PETyJIUPYyEeMOE€ CTpOECHHE, OO0Jaiaroliue
YHUKaJIbHBIM KOMILJIEKCOM CBOICTB o U3HOCOCTOMKOCTH U

COIMPOTUBIIIEMOCTH TPEIIMHOOOPA30BAHUIO

* Pa3BuBas Ha CBOEM MPOU3BOJCTBE TEXHOJOTMH IMOBEPXHOCTHOM HOHHO-
1a3MeHHoM  0o0paboTku, BBl  3KOHOMHUTE  MaTepHallbHbIE  PECYpCHI,
yIydlllaeTe dKOJIOTMYECKYyI0  OOCTaHOBKY HAa CBOEM  MpEANpHUATHH,
CIOCOOCTBYETE MHOTOKPAaTHOMY  YBEJIMYEHHUIO MPOU3BOJUTEIBHOCTH U
MOJIHMMAETe Ka4yeCTBO TMPOMYKIMKM HA HEJOCATAeMbIii paHee YPOBEHb.
CoBpeMeHHasi TEXHUKA, KOMIIBIOTEPHOE ympaBieHue pexumamu XTO u
BO3MOKHOCTb ~ OINEPAaTUBHOTO  PEryJMpOBaHUs MapaMeTpoB  Ipoliecca
a30THPOBAHUS - BCE ATO CHOCOOCTBYET MOJIEPHHU3AIMU W TOBBIMICHUIO
TEXHUYECKOTO YPOBHSI TEPMHUUYECKUX MTPOU3BOACTB.

Cdeppl mpuMeHEHHsSI TEXHOJOTHUN HOHHOTO a30THPOBAHUS M KapOOHUTPUPOBAHMS
OOIIMPHBI, 3TO 0€3 UCKIIOUYEHUS BCE OTPACIH MPOMBIIUICHHOCTH, B YaCTHOCTH:
ABHAIIMOHHOE JIBUTATEJIECTPOCHUE - BCE JETaNM JBUTaTelIed U PEOYyKTOPOB H3
HEP)KABEIOIIMX M KAPOMPOYHBIX CTajel. A30TUpOBaHWE TIO3BOJIAET CO3/1aTh
MUHUMAaIbHbIE TU(G(Y3UOHHBIE CIIOM C BBICOYAMIIECH TBEPIOCTHIO, MCKIIOYAIOIICH
M3HOC W PAJAMKAIbHO OOJeryaroneil KOHCTPYKIIMIO MOTOPOB, KaK CIEICTBHE
YBEIMUYMUBACTCS  TATOBOOPYXKEHHOCTh  JBUTATENEd M OKCIUIyaTallMOHHAs
HA/IEKHOCTb.

NHcTpyMeHTaIbHOE M BBICOKOTOYHOE MPOM3BOACTBO: mpecc-hOopMbl, MaTPHIIHI,
IITAMITBI, ITyaHCOHBI I TOpSYel U XOJOIHOM 00pabOTKM METasuIoB, IUIACTMAcC,

CTCKJIa M PC3HUHBI -IIOBBLIMIACTCA H3HOCOCTOﬁKOCTB, COIIPOTUBILICMOCTE K



TPEIHUHOOOPA30BaHUIO, YMEHBIIAETCS HAIWIAHWE METalljla, YBEJIMYUBAETCA CPOK
JKCIUTyaTauuu B 2-6 pa3; pexXylUMid HMHCTPYMEHT: CBEpJA, METUYUKH, Pa3BEPTKH,
bpe3bl, TPOMIMBKUA, NPOTSIKKH, MONOSKH, PE3Lbl - B pe3ylibTaTe NPUMEHEHUs
KPaTKOBPEMEHHBIX KOMOMHUPOBAHHBIX mporieccoB XTO yBenMunBaeTcs TBEPAOCTb,
YIy4YIIAlOTCSl PEXKYyIIHEe CBOWCTBA, MOBBIIAIOTCS H3HOCOCTOMKOCTh B 2-4 pasza u
MIPOU3BOAUTENBHOCTD MEXaHUYECKOU 00paboTKu
[{uaHnupoBaHue - MPOLECC OJHOBPEMEHHOIO HACBIIIEHUS MOBEPXHOCTHBIX CIIOEB
CTAIIbHBIX HW3JEJIMM a30TOM © yriepoaoM. Haubonbiiee pacmpocTpaHeHue
MOJIYYWJIO OJHOBPEMEHHOE HACBIIIEHWE a30TOM M YIJIEPOJAOM B Ta30BOM Cpee,
COCTOAIEH W3 HAYIJIEpPOKHUBAIOIIETO Tra3a W aMMHuaka, IpU TeMIeparypax
820...860°C (autponementanus). [IponomkurensHOCTh pouiecca cocrapisier 4... 10
4, ONTUMAJILHOE COjiep)KaHue a3oTa B ciioe-okoiio 0,15%, yriepona- 1,4 %. Ilocne
HUTPOIEMEHTAIINK JleTau (3yOuaTble Kojieca, BTYJKH, BaJbl U Jp.) TOJIBEPraroT
TEPMHUYECKON 00paboTKe: 3aKajKke HEMOCPEICTBEHHO U3 MEYM U HU3KOMY OTIIYCKY.
HutpouemeHTHpOBaHHBIM  CIOW  MMEET CTPYKTYPY  MEIKOKPUCTAJUIMYECKOIrO
MapTeHCUTa C HEOONBIIUM COAEp)KaHUEM KapOO-HUTPUIOB U oOkojo 25%
OCTaTOYHOTO aycTeHuTa. Ero okoHuarenbHas TBepaocTh - 58...60 HACH.
HuTpouiemenraiuio, kak mpaBuUio, BEAyT B aBTOMATU3UPOBAHHBIX Oe3My(deabHBIX
arperatax. Ilpum mnpoBeaeHUM 3TOrO Mpolecca H3LAENHS HCHBITHIBAIOT MEHbBIIHE
nedopMaluu, 4eM TpU IIEMEHTAllMW, TMOBBIMIAETCS WX HM3HOCO- U KOPPO3HOHHAs

CTOUKOCTD.

JIns KMAKOCTHOTO IIMAaHUPOBAHMUS MOXKHO HCMOJIb30BaTh Takod coctaB: NaCl -
32%, CaCl, - 65%, K4Fe(CN)¢ - 3 %. Temmeparypa mpomecca - 840...860°C,
MPOJOIKUTENLHOCT - (,5...3 4, TONIIMHA MOJIy4aeMOro IMaHHUPOBAHHOTO CJOS -
0,05..0,5 mMm. Tepmuueckas o0paboTka-3akaika W3 BaHHbl MU HHM3KHAW OTIYCK,
TBEPAOCTh MOBEPXHOCTHOTO ciiod - 57...64 HAC». lluanupoBanue 3pheKkTUBHO AJIs
WHCTPYMEHTAIBHBIX (B YaCTHOCTH, OBICTpOpEXYIuX) cTaynied. OJHAKO, MOCKOJIbKY
HACBIIIEHUE YIJIEPOJIOM M a30TOM B JKHUJKHUX CpelaxX CBs3aHO B OOJBIIMHCTBE
CJIy4aeB C MCMOJIb30BaHUEM TOKCUYHBIX IIMAHUCTHIX COJIEH, ITOT MPOLIECC HE HaIlel

HIMPOKOr0 PacipOCTpaHEHUSI.



bopupoBanue - mnpomecc aupEGY3MOHHOTO HACHIIMIEHUS TTOBEPXHOCTHBIX
CJIOEB CTaJIbHBIX M3aenui 6opom mpu temnepatypax 900...950 °C B Teuenue 2.. 6 u.
Jlnst GopupoBanus ucmonb3yrot kapoua 6opa (B4C) u 6ypy (Ne26407), deppo-60p,
amopubpIii O0p, mubopan (B,HO) m npyrue Oopconmepxkamme BemectBa. Llenb
OOpUPOBAHUS-TIOBBIIIIEHNE TBEPAOCTH, W3HOCOCTOMKOCTH M HEKOTOPBIX JIPYTHX
cBoiictB ctamu. Juddysuonnsiit cmoit tommuuaon 0,05...0,15 MM, cocTosimmii u3
o6opunoB FeB u berB (puc. 5.15), obmagaer Bechma BBICOKOM TBEPIOCTHIO (10
H2100=0()|), croiikocThto K aOpa3WBHOMY W3HAIIMBAHUIO, KOPPO3UOHHOMN
croikocThto. [loaTomy  OGopupoBanue dS(PPEeKTHUBHO TpuU  HEOOXOJUMOCTHU

MOBBIIICHUS] CTOMKOCTH 6ypI/IJ'II)HOFO U MITaMIIOBOI'O MHCTPYMCHTA.

Puc. 5.15. Mukpoctpyktypa 6opupoBanHoit cranu. X200.

Puc. 5.16. Mukpoctpykrypa XpomupoBaHHO# ctamu. X300
Huddy3nonnas  meramumzanusi - npouecc  Iud@y3MOHHOTO  HACHIIICHUS
MOBEPXHOCTHBIX CJIOEB CTAlIbHBIX M3ACIUNA METaulaMd (XpPOMOM, ITMHKOM,
amoMuHreM U 7p). Haceblenue pa3HbIMEH METaulaMHU TPECeNyeT pa3inyHbIe
nend. Tak, NIMHKOBaHHWE TIO3BOJISIET B JCCATKH pa3 MOBBICUTH KOPPO3UOHHYIO
CTOMKOCTh TPyO U JIMCTOBOTO Kelie3a, alMTUpOBaHue ( HACHIIICHUE AIIFOMHUHHUEM) -

AKAPOCTOMKOCTh M KOPPO3UOHHYIO CTOMKOCTh CTajlu, XpPOMHUPOBAHUE YIIIEPOAUCTHIX
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CTaJedl - UX U3UOCO-, )KapO- U KOPPO3HMOHHYIO CTOMKOCTh. [lociie XxpoMupoBaHus
nosydaercs cioit kapounos (Cr, be"3C0o u (Cr, be"C3 (puc. 16) Tonmmuoi no 0,03
MM ¢ BechbMa BbicOkoi TBepaocThio (10 H2000=t000- OHO Bechbma 3 (HEKTHUBHO NSt
00pabOTKK OBICTPOM3HAIIUBAIOIIUXCS JeTalield, padOTaroMMX B arpecCUBHBIX
cpeaax.

B mHacrosmee Bpemss Bce Oosblliee PAacpOCTpaHEHHE MMOIYYalOT MPOIECCHI
MHOTOKOMIIOHEHTHOTO J1((Hy3MOHHOTO HACHIIICHUS.

[Ipu BBIOOpPE cmocoba M TEXHOJOTHUU TOBEPXHOCTHOTO YIPOYHEHHS CTaJbHBIX
U3JIeNNiA HeOOXOIMMO YYUTHIBATh HE TOJIBKO YCJIOBHUS, B KOTOPBIX OHH PabOTaloT,
BO3MOXXHBIE M3MEHEHHUsI MX pa3MepoB, (HU3MKO-MEXaHHMUYECKHE CBOWCTBAa MeTala,
HO W  XapakTep  MpOWU3BOJACTBA  JeTaled  (€OIUHUYHBIM,  MacCOBBIN),
MIPOU3BOJIUTENBHOCTh CIOCO0A YINPOYHEHHS, €r0 PEeHTA0ENbHOCTh, BO3MOKHOCTb
aBTOMATHU3AIMM ¥ POOOTH3AMU M PAJ APYTUX BAXHBIX I TMPOU3BOACTBA
BOIIPOCOB.

Pexomennyemas nurepatypa: MaTepuanoBeieHHE U TEXHOJIOTUSI MaTEPHAIIOB:
yueOnuk / [.I1. derucos, ®.A. lNapudymnun. - M.: HUL] UHOPA-M, 2014. - 397

c. ctpl8l1..., ctp. 174

http://znanium.com/bookread2.php?book=413166

ctp.120... 166

KonTpoabHbIE BOIPOCHL:
1 .KakoBbI IPUHIUIIBI JIETUPOBAHUS KOHCTPYKIIMOHHBIX CTaNEH?

2.Kakum 00pa3oM BIUSIOT JETUPYIOIINE HIEMEHTHI Ha CBOMCTBA CTaJeh?

3anoaHuTe TAOIUILY

Ne Jlerupyrommii Xum. O0o03HaYeHUe JIETHPYIOLINX 3JIeMEHTOB B MapKax cTaJeil
n/n 3JIeMEHT CHMBOJI U MX BJHsSIHME HA CBOMCTBA cTaJei
1. Asor N A

2. Huoouii Nb b

3. Boasgppam A4 B

4. Mapranen Mn r

5. Menb Cu n

6. KobGaabT Co 1?

7. Moaubaen Mo M

8. Hukean Ni H

9. Bop B p

10. Kpemuui Si C

11. Turan Ti T

12. Bananuii A\ i}
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13.

Xpom

Cr

14.

AJIIOMUHHUTA

X
J10)

2. Tlepeuncnure TEXHOJOTHUECKHUE TMPOIIECCH TEPMOOOPaOOTKH, HAmpaBlIeHHbIC Ha

YIIPOUHEHHUE CTAJIEU

3. Kakum 00pa3oM BIMSIOT MPOIECCH TEPMOOOPAOOTKH Ha CTPYKTYpPY U CBOWCTBA

JIETUPOBAHHBIX CTaJICH

4. Ilepeuncaute METOAbl MOBEPXHOCTHOTO YHNPOYHEHHUSI U TMOBBIIIEHUS TBEPIOCTH

crajiei

5. Kpurepuu BeiOOpa pexuma TepMooOpadOTKH

6. B uyéMm oTiamunMe TEXHOJOTUH A30THPOBAHUA OT TCXHOJOIHM HOHHOI'O

a30TUPOBAHUS

JlaGoparopHass padora Ne7. MHccienoBaHue BJIMSIHUSA TEPMOOOPadOTKM M

MOI[I/l(l)I/IIII’IpOBaHI/Iﬂ HA CBONMCTBA CILIABOB HA OCHOBE AJIOMHHHSI.

Ilenb pabOTHI:

1. N3yunTh MUKpPOCTPYKTYpY CILIABOB HA OCHOBE JIFOMUHUS

2. YCTaHOBUTh 3aBUCUMOCTb MEXAY CTPYKTYpOM CIUIaBa, CBOWCTBAMH,

auarpaMmmamMu COCTOSAHHA CILIaABOB.

3. UccnenoBaTh BIMsSHUE TEPMOOOPAOOTKH HA CTPYKTYPY M CBOMCTBA

nehoOpMUPYEMBIX ATFOMUHHEBBIX CILUIABOB

4. UccnenoBath BAMSHUE MOAU(PHUIIMPOBAHUS HA CTPYKTYPY U CBOMCTBA JTUTEHHBIX

AJIIOMMHHCBBIX CIIJIaBOB

O6opynoBaHe U MaTEepPHUAIIBI:

1. ludposoii meramiorpadpuyeckuit komrieke Anptamu MET 1.

2. Mukpockomnsl MeTaimorpadguaeckue MUM7, MUMS.

3. YcTaHoBKa Ui IOJMPOBAHUS 00Pa3IOB.

4. XumMu4eckue TpaBUTEIU.

5. Ilepconanbhsiii komnbioTep: [IK DNS Office s/n FSCA001340-18

6. ®oroanmnapar uudponoii: Canon A550, A640.
7. Ilpuntep Epson Stylus Photo s/n JLCK022081
8. Ckanep Epson Perfection V100 Photo s/n J85W027315
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9. Konnekuust 006pa3iioB Jyist IpOBEACHUS MUKPOAHAIN3a.

[TocTaHoBKa 3a71a4u U 3aJIaHUE:

1. laTh xapakTepuUCTUKY, pacmuidpoBaTh MPeUIOKEHHBIE MAPKU JAEPOPMUPYEMBIX
CIUTaBOB

2. BeiuepTuTh COOTBETCBYIONIYIO TUArpaMMy COCTOSHUS ISl CILIaBa

3. OTMEeTUTh MECTOTOJOKEHUE CIUIaBa HAa TUarpaMMe COCTOSTHUS

4. [lo muarpaMMe COCTOSIHUSI Ha3HAUYUTh TEMIIEpaTypy HarpeBa Jjisl YIPOUHSIOIICH
TepMo0oOpaboTKkH. OOBICHUTH C MOMOIIBIO JUArpaMMBbl COCTOSHUS M3MEHEHHUS,
MIPOUCXOJISIINE B CTPYKTYpE CIUIaBa MPU BHIOPAHHOM BHUJIE TEPMOOOPAOOTKH.

5. IlpoBecTn 3akayiky oOpa3IoB. 3aMEpUTh TBEPIOCTh HEMOCPEACTBEHHO TIEpe/]
3aKaJIKON

6. [Ipocnenuty wW3MeHEHHE TBEPAOCTH 3aKalEHHBIX OO0pa3IOB B MpoIecce
€CTeCTBEHHOTO cTapeHus. [loctpouts rpaduk u3mMeHeHUs TBEPAOCTU

7. IIpuroToBUTh MUKPOILTADHI

8. UccnenoBarb, 3apucoBaTh U OMUCATh MUKPOCTPYKTYPY HJsl 3aJJaHHBIX CILJIAaBOB
nocie TepMooOpadboTKu

9. lath XapakTepUCTHKYy, pacmiudpoBaTh NPEIOKEHHBIE MApKH JIUTEHHBIX
CIUTaBOB

10. BblYepTuTh COOTBETCBYIOIIYIO AHMArPAMMY COCTOSHUS ISl CIUIaBa

1.  OTMeTuTh MECTONOJIOKEHUE CIUIaBA HA IMarpaMME COCTOSHHUS

12 C mnoMompi JIuarpaMM — COCTOSHUSL OOBSICHHTH  BIUSHHUE IpoIiecca
MOIU(DHUIIMPOBAHUS HA CTPYKTYPY M CBOMCTBA CILJIaB.

13.  I[IpurotoBUTh MUKPOULTH(BI

14.  UccnemoBath, 3apucoBaTh U ONUCAaTh MHUKPOCTPYKTYpPY [UIS 3aJaHHBIX
CIUIaBOB JI0 U TMOCJI€ MOTUDUIIUPOBAHUS

15. CpenaTh BBIBOJBI M HAMKCATh OTYET MO pabOTEe B COOTBETCTBHHM C 3aJ[aHUSMU
(B oryere 00s3aTENbHO JOJDKHBI OBITH yKa3aHbl: Tema, Ielb pPaldoTHl,
00Opy/IOBaHWE W MaTepHalibl, BBIMOJIHEH MPOTOKOJ MHKpOaHaiu3a 1o Gopme,
MOSICHEHUSI K  KaKJOM  pPACCMOTPEHHOM  MHKPOCTPYKTYpe; OTBEThl  Ha

MOCTaBJICHHBIE B 3aJaHUSIX BOIIPOCHI; UCIIOJIb30BaHHAs JIUTEPATYpa).
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TeopeTrnyeckre OCHOBBI U METOJIMYECKHE yKa3aHUs

ATIOMUHUI SIBASETCS BaXKHEHIIMM aBUALIMOHHBIM METAJLJIOM, IIUPOKO MPUMEHSIETCS

JUTSL TIOJTYYEHUSI PA3JIUYHBIX aTFOMUHHUEBBIX CIUIABOB. AJTIOMHHHI - JETKUH MeETal

¢ mIoTHOCTRIO 2,7 T/cM® u Temmeparypoil mmiaBmenms 660 °C. Hmeer

IpaHElEHTPUPOBAHHYIO KyOuueckyio pemeTky. OOjamaeT BBICOKOM Temo- H

AIIEKTPONPOBOTHOCTHIO. XUMHUYECKH aKTUBEH, HO OOpa3yromIasicsi Ha MOBEPXHOCTH

IJIOTHAs TUICHKA okcuaa antoMuHust AbO3, npenoxpaHseT ero oT KOppO3UH.

AJIIOMUHMIM BBICOKOW 4KCTOTHI Mapkupyetcs A99 (99,999 % Al), A8, A7, A6, AS,

AO (conepkanue amomunaus oT 99,85 % 10 99 %).

TexHUYecKu aarOMUHUKA XOpPOLIO CBApUBACTCsS Ta30BOM M KOHTAKTHOM CBAapKOW,

MMEET BBICOKYIO IJIACTHYHOCTh, IUIOXO 00pabaThiBaeTCsi pEe3aHUEM, OTIMYAETCS

HU3KUMH JIUTEUHBIMUA CBOMCTBAMH. JJIsl MPOKATAHHOTO M OTOXKECHHOTO aJFOMUHHUS

XapakTepHbl CIEAYIONIME MEXaHMYecKue cBoucTBa: mpeaen mpounoctu &0... 100

Mlla, otHocutensHOe ymiuHeHue 35...40 %, uucino TBEpmoctH mo bpuHemto

(krc/mMm?) 25...30 HB.

Oco00 4KcThIe MApKU ATFOMUHUS IPUMEHSIOTCS B DJIIEKTPOHHOU H

AIEKTPOTEXHUYECKOM MTPOMBIITUICHHOCTH JJIs 3aMEHBI 00JIee TOPOTor M THKETOM

MeJIM TIPU U3TOTOBJICHUHU MPOBOJIOB, Kabeael U Jpyrux nU3Ieuid.

Krnaccudukarus altOMHUHHEBBIX CILIABOB.

ITo TexHONOrM4YeCKOMY MPU3HAKY CIUIABBI JEISATCSA Ha TPYIIIbL:

1. lepopmupyembie

2. JIuteiinbie.

3. CrieueHHbIC ATIOMUHHUEBBIE CIUIABHI (MIOPOIIKOBBIE U TPAHYIUPOBAHHBIE).

4. KoMno3ULIMOHHBIE ATFOMUHUEBBIE CILIABbI

1. dedbopmupyemble criaBbl 00padaThIBAIOT JIaBIICHUEM B TOpsYeM WM XOJIOAHOM

COCTOSIHUM, CpPEOU HHUX MOYKHO BBIACIUTH CIEAYIOIINE TPYNIbl, OTINYAIOIINECS

TEXHOJIOTUYECKUMH M SKCIUTyaTallMOHHBIMU XapaKTEPUCTUKAMMU:

1.1. CnaBel 111 OCHOBHBIX CHJIOBBIX 3JIEMEHTOB KOHCTPYKUHWW JI€TATEIbHBIX
anmnaparosB:

*  BbIcOKomnpouHsble ciiaBbl B93, B93my, B95, B95ou, B96 u np.
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. nypamomunsl J116, {164, 1161,1163, B/17, 419 u ap.

1.2. KoBoYHBIE CILIABHI:

* s pabotel ipu 00bIYHOM Temmneparype - AK6, AK6-1, AKS;

*  xapompounbie - AK4, AK4-1.

1.3. Koppo3HMOHHOCTOMKHE,  BBICOKOIUIACTMYHBIE  CIUIaBbl  JUII  CBAapHbBIX
KOHCTPYKIIMA W  JI€TaJ€d, M3rOTOBJISIEMBIX  XOJOJAHOM  IITAMIIOBKOW:
texauuecku amromuHuii AJI1 um AJl; cmmaBer AMu, AMr, AJI31, AJI33,
AJ135.

1.4. Crnnassl 1 3aknénok: B6S, {1811, AMrSII u ap.

1.5. AmoMuHHEBO-IUTHEBBIC cIaBbl: 1420 u ap.

2. JluteitHble cIIaBbl. 3arOTOBKUA W TONy(paOpUKaThl U3 3TUX CIUIABOB IMOJYyYalOT
pa3IMYHBIMM METOJAMHU JIUThbSI U UMEKOT BBICOKME JINTEWHBIE CBOMCTBA
(CKUIKOTEKy4eCTh, HHM3KYI0 CKJIOHHOCTh K OOpa30BaHMIO  BHYTPEHHHX
HalpsOKEHUH W TOSBICHUIO TPEIIMH TMpPU  KPUCTAJUIM3ALUU, BBICOKYIO
repPMETUYHOCTh, MATTYIO YCAAKY, MATYIO JIMKBAIIHIO).
2.1.CnnaBbl BBICOKOM T€pMETUYHOCTH - cuimymuHbl: AJI2, AJI4, AJI9.
2.2.Kaponpounsle cruiaBsl - BAJIIO, BAJI 14, AJIl, AJIS, AJI19, AJI21
2.3.Kopposuonnocroiikue cruiasl - BAJI 16, AJI8, AJI 13, AJI22.

3. CrieueHHbIC ATIOMUHHUEBBIE CIUIABHI (MTOPOIIKOBBIE M TPAaHYJIUPOBAHHBIE):

3.1. Cnieuennbie amoMuHueBble criaBbl cucteMbl A1—Si—Ni (CAC-1);

3.2. Cnieuennble amoMuHueBble criaBbl cuctembl Al—Si—Fe (CAC-2)

3.3. I'panynupyemble aIIOMUHUEBBIE CIUIaBbl, OTJIMYAIONIUECS BBICOKUM
coJiepsKaHUEM JICTUPYIONTUX 3JeMeHToB: Mn, Cr, Zr, Ti, V.

4. KoMno3UILIMOHHBIE aTIOMUHHUEBBIEC CILIABHI.

4.1. BonoxkHucteie KOMITO3UIIMOHHBIE MAaTepuaibl MOJIYy4arT, apMHUpys
amromuuueBbie crutaBel A1, AJI33 6opasiMu BomokHamu (BKA-1, BKA-2.

4.2. AmOMHHHEBBIEC CIUIaBbI, apMUpPOBaHHBIE CTaNbHOUN mpoBoiokor (KAC-I,

KAC-1A.
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XOpOHIHM COUYCTaHHUCM IIPOYHOCTH M IINIACTUYHOCTH OTIMYAIOTCA CILIaBbI

CHUCTCMBI

Al—Cu—Mg — nypamomunsl. B Ttabnume 9.1 mpencraieH

XUMHWYECKUN COCTaB JTYPATFOMHHOB.

Tabn. 9.1- Xumudeckuii coctaB qypairOMUHOB
XmMmudecx it cocnaB, Mm%

Crmnas OCHOBHBIC JICTHPYIOLIHE 3JIEMEHTBI npumecu, %, He 6ojee

Cun Mg Mn Zr Si Ti Zb Ni
a16 3,8-4,9 |1,2-1,8 | 0.3-0,y : 0,5 0,1 0.5 0,3 0,1
164 3,849 1,2-14/0,3-0.9 : 0,2 0.1 0.3 0,1 0,05
1163 3&-45 | 1.2-1,6 0,4 - 0,8 0,1 0,01 -0.07 0,15 0,1 0,05
116] 335-3,85|1,4-1,8 0,4 - 0j7| 0.08-0,16 | 0.05 |0.03 - 0.07 0,15 0.05 0,08

bykBenHo-1upoBasi MapKUpOBKa TEXHOJOTUYECKON 00pabOTKM TypajtOMHUHOB

nokazana B tabnuie 9. 2 (MapKMpoOBKa TEXHOJOTUYECKON 00OpabOTKM CTaBUTCS B

KOHIIE MapKu CIIJIaBa).

Tabn. 9. 2 - bykBenHo-111poBasi MAPKUPOBKA TEXHOIOTHYECKONU 00pabOTKH

IyPaTtOMUHOB
Ob6o3HayeHue Bun o6paboTku, XxapakTeprcTuKa CBOMCTB MaTepuana

MSTKUHA, OTOMXKKEHHBIN

T 3aKaleHHbIN U €CTeCTBEHHO COCTAPEHHBIIM

Tl 3akaleHHbIN U UCKYCCTBEHHO COCTAPEHHBIM HA MAaKCUMAIbHYIO MPOYHOCTD

T2 3akaleHHbIi U HCKYCCTBEHHO COCTApEHHBINH IO CMATYAIOMIEMY PEKUMY TS
TIOBBIIIEHUS BS3KOCTH Pa3pyIICHUS

T3 3akaleHHbIi U UCKYCCTBEHHO COCTAPEHHBIN IO CMATYAIOMIEMY PEXKUMY s
MIOBBIIIEHUS] COMPOTHUBIICHUSI KOPPO3UH T0J] HAMIPSKEHHUEM

H HaraproBannsiii (5... 7%)

II [TonynarapToBaHHBII

HI YcunenHo naraptoBaHHbii (20%)

TH 3akanieHHbII, €CTECTBEHHO COCTAPEHHBIA M HArapTOBAaHHBIN

A HopmanbHas minakupoBka

v YTonmenHas miakupoBka (8 = 8 % Ha CTOpoHY)
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Tepmuueckass 00paboTKa AypallOMHUHOB.

JlypanroMuH TpHOOpETaeT BBICOKME MEXAaHWYECKHE KAdeCTBA M TMOBBIMICHHYIO
KOPPO3MOHHYIO CTOMKOCTh B pe3yjbTaTe TEPMHUECKOW 00pabOTKH, COCTOSIICH B
3aKaJKe M TMocjieayroueM  crapeHud. Tepmudeckas oOpaboTka OCHOBaHa Ha
MEPEMEHHON PAcTBOPUMOCTH MEIU, MarHus W HEKOTOPBIX IPYTUX 3JIEMEHTOB B
TBEPAOM aJTIOMUHUU MPHU PA3TUYHBIX TeMIlepaTypax.

[lenpro 3aKkanky AypaalOMHHA SIBISETCS TMOJYyYEeHHUE MPU KOMHATHOM Temmeparype
CTPYKTYpbl OJHOPOJIHOTO TEPECHIIIEHHOTO TBEPJOr0 pacTBopa, CHOCOOHOrO K
YIOPOYHEHHIO B MPOIIECCe JATbHEHUIIEro CTapeHUsl.

Jlnst  o0ocHOBaHUSI TeMIIEpaTypbl 3aKaJKd MOXXHO B TIEPBOM MPUOTUKEHUU
BOCIIOJIb30BaThcsl  Auarpammoit coctostHuss Al — CuAb, wyacte KoTOpou
nzobpaxena Ha puc. 9.1. CmnaB, coOTBETCTBYIOIIMI aypamtomMuny (-4% wmenn),
BBIp@)XAaeTCsl Ha JTOM auarpamMMme BepTukaibio abc. HopmanbHasi Temmepartypa
3aKaJKHU OMPEIENSIETCS TOUKOM a, KOTOpas HAXOJIUTCSA HEMHOTO BBIIIE JIMHUA mN -
JMHUM OTPAaHUYEHHON pPAacTBOPUMOCTH MEAU B ATIOMUHUU, MPU KOTOPOH CILIaB
npUOOpETaeT CTPOCHHUE OAHOPOJHOTO TBEPIOTO PacTBOpPA, 3Ta TEMIEPATypa paBHA
495...505 °C. Ilpu crapeHUH NPOUCXOAWUT BBIACICHHE YNPOUYHSIOMIUX 30H.

MukpocTpykTypa 3aKaji€HHOIO UM €CTECTBEHHO COCTApPEHHOI0 JAypalloOMHHA

MoKa3aHa Ha puc. 9.2.

Al
566
600 \ 548°
n
500} . |
w T8epdori X {
° pacm8op " 1
L)
~ Y00 I 1
=N
= i ;
§ 300} ! {
: ! :
a s 78epdois pacmbop+ |
]
100 | ' "
i I
o UL _ic 1
0,3 4,0 5,6
% Cu

Puc. 9.1. Beibop TemnepaTypsl HarpeBa Mo 3akajky Mpu TEPMOOOpaOdOTKe TypaTFOMUHA.
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DU YnpoyHawwue dasbl
CUAI,, AbCuMg

2K W w

3épHa a-TBEpAaoOro

pacTeopa
BT

Puc. 9. 2. MukpocTpyKTypa 3aKaji€HHOr0 U €CTECTBEHHO COCTAPEHHOT'O AypaltoMUHA

Henorpes 1o 3Toi TemiepaTyphl CBSI3aH C HEKENATEIbHBIM COXPAaHEHUEM B
CTPYKTYpE HEpPACTBOPUBILIUXCSA YacCTHIL MeTajuimdeckoro coenunenuss CuAb;
MEPETpPeB BBIIIE TOYKU a SBJISETCS emie OoJjiee BpPEIHBIM, TaK KaK MPHUBOIUT K
00pa3oBaHUIO TMEPErPeTOi CTPYKTYpPhI, HYTO COIMPOBOXKAAETCS POCTOM 3€peH
TBEPAOr0 PAacTBOPA W OKUCJICHHUEM I10 TpaHuliaM 3epeH (puc. 9.3), umm nepexorom
(puc. 9.4), mnpu KOTOPOM TIPOUCXOJMUT OIUIABJICHHE TpaHUIl 3EpeH, dYTo
HEJOMYCTUMO, PE3KO YBEIIMYMBAET XPYNKOCTh U MOKET MPUBECTH K Pa3pylICHHIO

JeTaneu.

Puc. .93. MukpocTtpykrypa neperperoro gypamomuna. x250.
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CrapeHueM Ha3bIBa€TCs MPOLIECC W3MEHEHHUS CTPOCHHUSI M CBOMCTB 3aKaJIEHHBIX
CIUIaBOB, MIPOUCXOJISIINI CaMOIIPOU3BOIBHO MPU OOBIKHOBEHHOW WJIM TIOBBIIEHHON
temriepatype. CTapeHue Mpu KOMHATHOW TEMIIEPATYPE HA3bIBAETCS €CTECTBEHHBIM.
VYckopennoe crapeHue mnpu HarpeBe (00bigHO He Bbimie 250 °C) HazbiBaeTcs
HCKYCCTBEHHBIM.

B Hacrosiee Bpems mpoliecc crapeHusi IBOMHBIX CIuTaBoB Al — Cu oOBsICHAETCS
cienyrmuM obpa3oM. B 3epHax mepechillieHHOro TBEPJOro pacTBOpa cpasy ke
MocJie 3aKaJlki HauuHaeTcs nepemenieHue (auddys3us) aToMOB MEM K HEKOTOPHIM
y4acTKaMm; B OTHUX YYacTKax BO3HHKAIOT OCOObIE IUIaCTUHYAThle OOpa3OBaHUS,
KOTOpbIE MPUHATO Ha3biBaTh 30HaMU ['mHbe— Ilpectona (3I'Tl) mo MMeHH y4yeHBIX,
BIIEPBbIE€ YCTAHOBUBIINX UX.

[TomoOHBIE 30HBI MPEACTABIAIOT CO00M CyOMHMKPOCKONMUYECKHE «IBYMEPHBIC)
IUIacTUHYaThle 00pa3oBaHus, oOoramieHHble Menpto. OHU  pacronaraioTcs B
HAIPaBIIEHUHM  HEKOTOPBIX  KpUCTAIOTpAQUUYECKUX  IJIOCKOCTEH U HUMEIOT
ONpEECICHHbIE «KPUTUUYECKUE» pPa3MEPhl, YCTOWUYUBBIEC NJIs1 JTAHHOW TEMIEPATyphI
crapenusi; npu 20 °C ux npotskeHHOocTh paBHa ~ 0,50 M, ipu 150 °C ~ 4 HM, a
npu 200 °C ~ 20 HM; TONIIMHA UX COCTaBisIeT cooTBeTcTBeHHO ~ 0,10, -0,30 u ~
1,0 aMm.

3I'TI TecHO (KOTEpEHTHO) CBSI3aHBI C TBEPABIM PACTBOPOM M B TPUIIETAIONIUX
001aCcTAX BBI3BIBAIOT CHIIBHOE HCKAKEHUE €ro KpUCTAUIMYECKON pEemeTKd. ITO
MCKQ)KCHHME PEIIETKU SBIISIETCS OCHOBHOW MPUYMHOW YIPOYHEHUS AypajtOMHUHA MPU
CTapeHUHU.

[Iporiecc €CTECTBEHHOTO CTapeHHUs COCTOUT TOJIbKO B oOpa3zoBaHuM 30H [ MHBEe—
IIpecrona. Ckopocth Bo3HHMKHOBeHMS 3ITI mocTeneHHO yMEHbIIAETCSA, U IO
UCTE€YEHUU S...7 CYTOK CTapE€HUE NPAKTUYECKH 3aKAaHUYMBAETCS, NPHUYEM CIUIaB
npuoOpeTaeT MaKCUMaJbHYH)  TPOYHOCTh, OCTAIONIYIOCS B JalIbHEHIEM
IIOCTOSIHHOM.

Cnenyer no00aBuTh, YTO B CaMOM Hauaje IIpollecca CTapeHUs HaOIoaaeTCs
HEKOTOPBI «WHKYOAIIMOHHBINY» TEPHOJ, B TE€UEHHWE KOTOPOTO €Il HET 3aMETHOIO

MPEeBpAlIEHUs] Y TOBBIMICHUS TMPOYHOCTH. ITOT TMEPUOJIT HMEET OO0JbIIoe
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[Ipounocth pacter Hauboliee MHTEHCHMBHO B TE€U€HHE Tocieayrommux S... 15 wac.
OOmuit BuJ KpUBOW E€CTECTBEHHOI'O CTApEHHUS BMECTE€ C JPYTUMU KPUBBIMH H
M3MEHEHUE TpeJiesa IPOYHOCTH AypaatOMUHA PpYU CTapeHHUH MOKa3aHbl Ha puc. 9.6.
Ha puc. 9.7 nokazaHo BIusSHHE HAarapTOBKM HAa MEXAHMYECKUE CBOMCTBA
IypaJtOMHUHA 0CIIE 3aKAJIKU U CTapEHHSL.

[ImakupoBaHue qypatOMUHA.

[lepen  Tepmuueckoi  00pabOTKON  AypallOMHUH,  TpeJHA3HAYCHHBIA IS
W3TOTOBJICHUS JIUCTOB, OOBIYHO TOJIBEPTaeTCs IUIAKMPOBAHUIO, IEIHI0 KOTOPOIO
SIBJIIETCS TOBBIILIEHUE €r0 KOPPO3UOHHOW CTOMKOCTH.

[InakupoBaHue 3aKiaO4yaeTcss B CO3JaHMM HAa O00€UX TOBEPXHOCTSAX JIUCTa
OYyPAITIOMHUHA TOHKOI'O 3aIlMTHOTO CJIOS, COCTOAILIETO B HAPYKHOU 30HE M3 YHUCTOIO
QTIOMHUHUA: TOJIIIMHA 3TOTO CJOS COCTaBIseT OOBIMHO 3...5% OT TOJIIMHBI JIUCTA
Ha CTOPOHY.

B cnywae yrommenHod makupoBku (YII), mnpumeHsiemoil, Hampumep, s
MOJIyYEHUSI XOPOLIEr0 JIEKOPATUBHOIO BHUJA INYTeM IOJHWPOBAHUSA, TOJIIMHA
TUTAKUPOBAHHOTO CJIOS IOJDKHA OBITh HE MeHee 8% OT TOJIIUHBI JIUCTA.

Jlns makupoBaHus Oepercss 4ucThld amomMuHuid AO wumum Al, oOnamaroruit
BBICOKOW KOPPO3UOHHOU CTOMKOCTBIO.

Ha Hamux 3aBojax MpUHAT METOJ MPUBAPKU aTOMUHHUS K AYPATIOMUHY B IPOLECCE
ropsiued Npokatku. st 3Toro AypaitOMHUHOBYIO IUIUTY BMECTE C HAJIOKEHHBIMH Ha
HEe C JIByX CTOPOH JHMCTaMHU YHCTOIO QJIIOMUHUS MPOKATHIBAIOT HECKOJBKO pa3 MpHu
temrneparype 450 °C. Ilpu npokaTtke aqrOMUHUNA IPUBAPUBAETCS K AypaltoMUHY. B
mpolecce NpuBapku BeneacTBue Tuddy3un KOMIIOHEHTOB 00pa3zyeTcsl CIoi
MPOMEKYTOUHOTO  COCTAaBa, pPAcHOJIaraloluica MEXIy JIypaIlOMUHOM U
MMOBEPXHOCTHOW 30HOM YMCTOTO AJTFOMHUHUA.

[IpaBUNbHO T[UIAKUPOBAHHBIM JAYpPANIIOMUH JIOJDKEH HWMETh Ha TOBEPXHOCTH
PaBHOMEPHBIN CJION YUCTOTO ATIOMHUHUS, O€3 My3bIpeil, B3MYyTHI, TEMHBIX TISITEH,
HABOJIAKMBAHUSL W JPYTUX JACPEKTOB.

OxcuaupoBaHue allOMHHHMEBBIX CIUIaBOB. B arMocdepHbIX yCIOBHSIX Ha

MMOBEPXHOCTH AIFOMUHUS 00pa3yercsl IuieHKa okuciaoB ToimuHor 0,01...0,1 MK,

174



MpEIOXPaHsIoNas €ro OT JaJbHEHIIEro OKHCJIEHUs. JIernpoBaHHBIA aTfOMHUHUU,
0osiee MPOYHBIA U TBEPABIA METAJJI, UMEET MEHBIIYI0 KOPPO3MOHHYIO CTOHWKOCTD.
OkuCHbIE TUICHKM Ha €ro IOBEPXHOCTU HE OTIUYAIOTCA PABHOMEPHOCTHIO H
anarezueit. [Ipum BBICOKOM BIQKHOCTH Ha MeTaysie o0pa3yercs pBIXJIbIH HaleT
MPOJYKTOB KOPPO3UU, CHOCOOCTBYIOIIMN YACPKAHUIO BJIard M yCHICHUIO
KOpPpO3UH.

Oxkcunnbie IJIEHKH, IIOJIyYECHHBIE UCKYCCTBEHHO XUMUYECKUM W
ANEKTPOXUMHYECKUM METOJAMH, HMEIOT BBICOKYIO 3alllUTHYIO CIIOCOOHOCTB.
TonmuHa  XUMHYECKUX OKCHUIHBIX  IJIEHOK 0,5...3 MKM. Tomnmuna
JNEKTPOXUMHUUYECKUX OKCHJIHBIX IUICHOK Ha QJIIOMHHMM M €ro CIUIABaX MOXKET
nocturath 300 MxM. Takue MOKPBHITUS Ha3bIBAIOT aHOAHBIMU. OHHM MMEIOT BBHICOKHE
JKCIULYaTallMOHHBIE CBOWCTBA, OTJIMYAKOTCS TBEPAOCTBIO, KOPPO3HMOHHOW W
M3HOCOCTOMKOCTBIO U T. M. U TO3TOMY HOJYYWIH HIUPOKOE MPUMEHEHUE B TEXHUKE.
JluTeliHble ATFOMUHHUEBBIE CILIABBI.

OcHoBHbIE TpeOOBaHMS K cIUlaBaMm Uil ()ACOHHOTO JIUThS — 3TO COYETaHUE
XOPOIIUX JINTEWHBIX CBOMCTB (BBICOKOM KUIAKOTEKYUYECTH, HEOOJBIION YCaIKH,
Majgod CKIOHHOCTH K O0Opa3OBaHHIO TOPSAYUX TPEIIMH U TOPUCTOCTH) C
ONTHUMAJIbHBIMA MEXaHUYECKUMU M XHUMHUYECKUMHU (CONPOTUBIECHUE KOPPO3UM)
CBOMCTBaMH. Jlyumnmu JIMTEUHBIMHA CBOMCTBaMH 00s1amaroT CILIaBBI
ABTEKTHUYECKOI'0 COCTaBa. boiblIe paclnpoCTpaHEHbI CIUIABBI HAa OCHOBE CHUCTEM
A1—Si, A1—Cu, A1—Mg.

Koucrpykunonnsie repmernynbie cruiaBbl cucteM Al—Si (AJI2) u A1—Si—Mg
(AJ14, AJ19, AJI34) nomy4unau Ha3BaHUE CHITyMHUHBI.

CmnaB AJI2 O6mu3ok k aBTektuyeckomy coctaBy (10...13% Si) u ominuaercs
BBICOKUMH JINTEHHBIMH CBOMCTBAMH, KOPPO3HMOHHOM CTOMKOCTHIO, OOJBIIOHN
IUIOTHOCTBIO OTJIMBOK. B TO ke Bpems cTpykTypa cruiaBa AJI2, mpencrasisromnias
cO00ii MToJIbYaTyI0 TPyOyIO0 3BTEKTHKY C BKJIIOYEHHUSMHU KPUCTAIOB MEPBUYHOIO
KpeMHUsl, He o0ecrneunBaeT TpeOyeMbIX MEXaHMYECKUX CBOWCTB MaTepuala.
[ToBpIllIeHUE TMIACTHYHOCTH CIUIaBa 32 CUET U3MEHEHHUS CTPYKTYPHI (M3MeENIbueHHUE

CTPYKTYpBI 3BTEKTUKH, MOSIBICHUE MU30BITOYHBIX KPUCTAJIOB a-TBEPJOTO PaCTBOpA
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BMECTO KpemHHs) pocturaetcs moauduiupoBanuem AJI2 natpuem (0,065%)
MOCPEACTBOM BBeJeHUS B pacruiaB cmecu cojieit (67% NaF + 33% NaCl).
Tepmuueckoit 06paboTkoii crtaB AJI2 He ynpounsiercs.

JlerupoBannbie cunymunsl  AJI4, AJI9, AJI34 ynpouHsSOTCS TEPMUYECKOU
oOpaboTtkoit mo pexxumam T1, T4, TS, T6 (AJI34, TS: 3akanka ¢ Temmepatypsl 535
°C, uckycctBeHHoe crapenue 75 °C, 6 gac.).

CunyMuHbl 0071a1a0T XOPOIIMMH JIMTEHHBIMU CBOMCTBAMU, YAOBIETBOPUTEIHHOU
00pabaThIBAEMOCTHIO pPE3aHHEM, CBAPUBAEMOCTBHIO U KOPPO3UHHOM CTOWKOCTHIO,
JUISL TIOBBIIIEHUS KOTOPOM JeTalnu aHOJUPYIOT W 3allUIIAl0T JIAKOKPACOYHBIMU
nokpeiTusiMu. CruiaB AJI2 ucnonb3yroT JUisi U3roToBieHUs Menkux, a AJl4 u AJI9
— CpeOHUX W KPYNHBIX JUTHIX JAeTallied (KOPIYCOB KOMIIPECCOPOB, KapTEepOB
neurateneil BHyTpeHHero cropanusi). Cmma AJI34 (BAJIS) nmpeBOCXOIUT CIUIAaBbI
AJI4 u AJI9 no npouynoctu Ha 25... 50%. CrnaB AJI34 npumensiercs 1uisi OTIUBOK,
MOJIy4aeMbIX JIMThEM TOJ JaBiieHHeM (OJIOKOB IWJIMHAPOB aBTOMOOMIIBHBIX
IBUTATENE), W  OTIMYAETCS  XOPOLIMM  KOMIUIEKCOM  MEXAHMYECKUX U
TEXHOJIOTUYECKUX CBOMCTB.

BricokonpouHble U KapONpPOYHbIE JUTEHHbIE CIUIaBbl. B 3Ty rpymmy BXOIAT
cruiaBbl cucteM Al—Cu—Mn (AJI 19), Al— Cu—Mn—Ni (AJI33) u A1—Si—
Cu—Mg (AJI3, AJIS).

Crmna AJI 19. JlerupoBanue craBa AJI 19 TutaHoM obOecriednBaeT eMy BBICOKHE
MEXaHMYECKHe CBOWMCTBA (B TOM YHCJIE MPU JUHAMHYECKOM HArpy>XCHHH) MpH
KOMHATHOM M HU3KUX TEMIIEpaTypax, a IOMOJHUTEIBHOE JIETUPOBAHUE LIEPUEM U
HMPKOHUEM — KapompodyHocThio  mpu Ttemneparypax a0 300 °C. Cmnas
OTJIMYAETCs Xopolield o00padaThIBAEMOCTHIO PE3aHHEM U CBAPUBAEMOCTHIO, HO
MOHMKEHHON  KOppo3uoHHOW  croiikocThto. CmmaB  AJl 19 ympounsercs
TepMoobpaboTkoi o pexumam T4, TS5, T7 (TS: 3ak. 545 °C, 12 4, crap. 175 °C,
3—6 4); OH IHUPOKO HCIOJB3YETCA ISl JIUThs KPYMHOTaOapUTHBIX OTJIMBOK B
necyanbie (YOPMBI.

CrutaB AJI33 xapakrepmsyercs BBICOKOi kapompounoctsio (a°°’r00” 90 MIla),

Xopolre 00padaThIBAeMOCTBI0 PE3aHHUEM, OJIHAKO MMEET NMOHMKCHHBIC JINTCHHBIE
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CBOMCTBA U KOPPO3HUOHHYIO CTOMKOCTh. OH TEPMUYECKH YIPOUYHSETCS MO pexUMaM
T5—T7. Temneparypa pabotsi craBa AJI33 — mo 350 °C.

CmnaBet AJI3 u  AJI3 omiMyaroTcsl MOBBIIIEHHOW KapONpPOYHOCTBIO MPHU
temneparypax a0 250...270 °C, HO NHOHMKEHHOW KOPPO3UOHHON CTOHMKOCTBIO.
CmnaBbl ynpouHsitoT 1o pexkumaMm T5—T8, W3 HUX HM3rOTaBIMBAIOT KOpIyca
npuOOpOB, TOJIOBKM IMJIWHAPOB JBUTATENel, paboTaroniue MpHU TMOBBIIICHHBIX
temreparypax (250-270 °C).

Koppo3noHnHocTolKHE TUTElHbIE allfOMUHUEBBIE CTutaBbl AJI8, AJI27.

Oto cmnaBel cucteM Al—Mg (AJI8, AJI27) u A1—Mg—Z7n (AJI24) oGnanatot
BBICOKOM  KOPPO3MOHHOM CTOMKOCTBIO BO MHOIMX AarpecCHUBHBIX Cpefax,
o0OpabaThIBalOTCS pe3aHWeM U CBapuBaloTCA. J[OMOTHUTENbHOE JIETUPOBAHUE
CrulaBoB cucteMbl Al—Mg OepusuiieM, TUTaHOM U [UPKOHHEM BBI3BIBACT
U3MENbUYCHHE 3€pHA M 3aTOPMaKMBAaHUE TMPOLECCA ECTECTBEHHOI'O CTapeHus,
MPUBOJALLETO K CHUKEHUIO IUIACTUYHOCTU U KOPPO3HOHHOW CTOMKOCTH. [loaromy
cruiaBbl cucteMbl Al—Mg yOpoyHSIOTCS TOJNBKO 3aKkalko B Mmacie 0e3
nocneaytomero crapenust (AJI27, T4: zakanka c Temneparypsl 435 °C, 10 uac).
CmnaBel AJI8, AJI27 u AJI27-1 xapakTepu3yroTcsi HEBBICOKUMH JIMTEHHBIMU
CBOMCTBAMH U HHM3KOH KapoIpOoyHOCThIO (paboune Temmeparypsl 10 80 °C).
CraBel  CIIOCOOHBI paboTaTh B YCJIOBHSIX KOPPO3HMH MOPCKOW BOJABI BMECTO
NeUIUTHBIX OpOH3, TaTYHEH M HEP>KABEIOIIUX CTaJIeH.

CmnaB AJI24. Drto craB cucremMbl Al—Mg—Zn u o06nagaer CTaOWIbHBIMU
MEXaHMYECKUMH CBOMCTBaMH, Xopolieil xapompoyHocTthio (g0 150 °C) w
YAOBJIETBOPUTEIbHBIMU JIUTEHHBIMU cBoiicTBamu. CruiaB AJI24  ynpounsiercs
€CTECTBEHHBIM WM HMCKYCCTBEHHBIM CTapeHHEM O0e€3 Mpe/IIecTBYIONIEH 3aKaaku
(T1) mu6o 3akankoit ¢ 550 °C (Ha BO3IyXe WM B KHUISIIEH BOJE) C MOCIEAYIONUM
UCKyCCTBEHHBIM cTapeHuem (165 °C, 22 yac.) /i MOBBIIICHUS MPOYHOCTH.
MonudunmpoBanue anrOMUHUEBBIX TUTEHHBIX CIUIABOB.

JluTeliHble ANOMUHUEBBIE CIUIABBI CHCTEMbl AIFOMUHUN-KPEMHUH - CUWIYMWHBI, -
CIIy>)KaT OCHOBOW OOJIBIIIMHCTBA JUTEHHBIX KOMIO3UIUH, MIUPOKO MPUMEHSIEMBIX

KaK KOHCTPYKIIMOHHBIE MaTepuabl Jisi (ACOHHOTO JIUThS B aBUAIIMOHHOM U JIPYTUX
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OTpacisix MNPOMBINUICHHOCTH. KadecTBO neraned W3 JIMTEHMHBIX QIOMUHUEBBIX
CIUTABOB BO MHOTOM 3aBHCHT OT OJHOPOJAHOCTH CTPYKTYphl  CIUIaBOB,
HEOJHOPOJHOCTh CTPYKTYpPhl OTJIMBOK W3 AJIIOMUHHMEBBIX JIMTEHHBIX CILJIaBOB
OTpHUIIATEIBPHO CKa3bIBaeTCS Ha WX CcBoMcTBax. Kak mpaBuio, HaWIy4IIUMH
CBOMCTBAMHU B JIMTOM COCTOSTHUH 00JaMaf0T CIUIaBBl C  MEJIKO3E€PHUCTOM
CTPYKTYpPOH, TOHKHMM BHYTPEHHHMM CTPOGHHEM 3€pHa W  JUCHEPCHBIM
pacnpenenenreM (a3, a B CIHMTKaxX, NMpeAHa3HAYEHHBIX MJIs MPOKATKH U KOBKH,
O0COOCHHO HEXeaTellbHa CToJ04Yaras CTPYKTypa, CHIDKAIOIIAs TEXHOJOTHYECKYIO
IJIACTUYHOCTh CIUIABOB.

brnaronpusTHOe BIMSHHE Ha CTPYKTYPY CIUIABOB OKAa3bIBa€T BBICOKAs CKOPOCTH
kpuctaum3anui. OJHAKO ee TPYIHO JTOCTUYh MPHU OONBIINX pa3Mepax OTJIUBKH.
PanukanpHBIM CpPEJICTBOM PETyJIMPOBAHUS CTPYKTYPhl JIUTCHHBIX aTIOMHHHEBBIX
CIUTAaBOB  CIYXXHUT HX MoauduiupoBanue. MoauduiupoBaHUEeM  CILIaBOB
Ha3bIBACTCS TMPOIECC M3MEHEHHS CTPYKTYpPHl JINTOTO CIUIaBa TOJI BO3JEHCTBHEM
HEOOJIBIINX KOJMYECTB CIICMAIBLHO BBOJMMBIX J00aBOK - MOIU(GUKATOPOB.
Tonbko Onarogaps MOaU(PHUIIMPOBAHUIO CHITYMHHBI HAIUIA MTUPOKOE NMPUMEHEHHUE B
IIPOMBIIIIJICHHOCTH.

B nmanHOM ciydae paccMaTpHBArOTCS BOIPOCHI MOJU(DHUITUPOBAHUS TPETHETO BHIA -
W3MEHEHUE CTPYKTYPBl OBTEKTHUK, - KOTOPOMY IIOJBEPralOTCsS CHIYMHUHBI -
JUTEHHBIC aFOMUHHUEBBIC CIUIaBbl.  MoauUIMPOBAHUE CUIYMHHOB 3aKIHOYAETCS
B 00pa0OTKe >KHMIKOTO paciuiaBa MpU ONPEIEICHHON TemrepaType HeOOJIbIITNMU
MpUCaAKaMHU CMEChI0 (PTOPUCTBIX M XJOPUCTBIX COJICH INETOYHBIX METAJJIOB, B
YaCTHOCTH:

60% NaF, 2,5% NaCl, 15% Na;AlF¢ u 40% NaF, 45% NaCl, 15% Na3AlFs.

B pesyapraTe MomudumMpoBaHHS CTPYKTypa OHBTEKTHKH KOPEHHBIM 00pa3om
m3MeHsiercs. CIIaBbl DBTEKTHYSCKOTO M 3a3BTEKTUYECKOIO COCTaBa CTAHOBATCS IO
CTPYKTYype JIOPBTEKTHYCCKHUMH, a  CTpOEHHue OBTCKTUKU CTaHOBHUTCS
MeJIKO3epHUCTHIM. KpoMe Toro, cHmkaercs TemiepaTypa IJiaBJIeHUs YBTEKTUKH.
DTO JIETKO JEMOHCTPUPYETCS C IOMOINBIO JHarpaMMbl COCTOSIHUSI QIFOMUHUHN -

KPEMHH 1JI1 CWIIYMHUHOB M TIOKa3aHO Ha puc. 9.8.
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Puc. 9.8. lnarpamMmma cOCTOSIHUS alFOMUHUIN - KPEMHUH.

Jlo HacTosIero BpEeMEHHW HET €IWHOW TEOpHH, MO3BOJISIONICH OOBSCHUTH BCE
baxThl, Ha0JII0/1aeMbIe npu MOIU(DUITUPOBAHUH. Mukpockonuyeckue
WCCIICIOBAHUSl  TOKa3aJd, 4YTO Beaymed (a3oil mnpu  KpHCTAUIM3AIUH
MOJU(DHUIIMPOBAHHBIX ~ CHIIYMHHOB  CIY>KUT HE  KpEMHHUH, Kak B  He
MOIU(DHUIIMPOBAHHBIX CIJIaBaxX, a amoMuHud. CyIIEeCTBEHHYIO pOJib B TIpOIECcCe
MOIU(DHUIIMPOBAHUS WrpaeT aaAcopOIus HATPUS WU O0pa3yroIIerocs npu
MonuduimpoBanun coeauHenus NaAlISi Ha rpaHAX pacTymuX KpPUCTAJLIOB
KPEMHUSI.

HaubGonee momHo mpupoaa MOAUPUIIMPOBAHUS CHIIYMUHOB OOBSICHSETCS TEOpPHUEH,
COIJIaCHO KOTOPOM Ha MEPBOM CTAaAuM HBTEKTUYECKOM KPUCTALIA3ALUA POCT
KPUCTAJJIOB KPEMHHsI TOPMO3HTCS OOpa30BaHUMEM aJICOPOIMOHHBIX CJIIOEB HATPHS
WM €ro COCIWHEHUH. Pe3Kko CHuXKasg JIMHEMHYI0 CKOPOCTh KPUCTAIUIA3ALUU
KpeMHUs, MOJIU(UKATOP CO3/aeT yCIOBUSA Ji1 POCTa JEHAPUTOB AITIOMHUHHS, B
pe3yJibTaTe Yero aTlOMUHHUM CTAHOBHUTCS BeAylel (a3oil mpu poCcTe IBTEKTUUECKOM
KoJloHuu. B nmampHeiimem ¢opma BblJeNeHUsST KpeMHUS OyJeT OnpenessiThes
dbopmoii aeHApuTa amroMuHMA. Ha 3Tol cramum pocra ACHAPUTHONM KOJOHHH
pelaroniee  BIMSAHUE HA U3MEJIbUYEHUE YaCTULl KPEMHHSI OKa3bIBAlOT HE
oOpa3yromuecs Ha HUX IUIEHKH, a CaM XapakTep ACHIPUTHOW KpUCTAIM3AIINH,
nosroMy Haumbosnee >QPEKTUBHBIMH  MOAM(PUKATOPAMHU CIYX,aT T€ DIIEMEHTHI,

KOTOpbIE€ HapsiAy C YMEHbBIICHHEM JIMHEWHOW CKOPOCTH POCTa KPUCTAJNIOB KPEMHHUS
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HekauecTBeHHO TmpoBeneHHOE MOAUGPUIIMPOBAHWE TPUBOAUT K  CHUKCHUIO
MEXaHUYECKHX CBOWCTB W HAAEKHOCTH JI€Tajed, 4YTO MOXET MPHUBECTU K
pazpylieHuto  neraieil.  MHUKpOCTpyKTypa cCIUlaBa IIOCJi€  HEKaYeCTBEHHO
MPOBEJIEHHOTO MOAUGUIIMPOBaHUS TpeacTaBieHa Ha puc.9.10. B muxpoctpykrype
SIBHO BUJHBI I'pyObl€ WIJIBI KPEMHUS, YTO TOBOPUT O HEKAUYECTBEHHO IMPOBEIEHHOM
MOAU(PUITUPOBAHUU.

HekauecTBeHHO TmpoBeNeHHOE MOAUGPUIIMPOBAHWE TPUBOJUT K  CHUKCHUIO
MEXaHWYECKHX CBOWCTB W HAAEKHOCTH [E€Tajed, 4YTO MOXKET NPHUBECTH K
paspylIeHHIO Jeraned. Takod mpuMep - mpuMep pa3pylIieHus JeTajud - CEKTopa
yOpaBJ€HUs PYJIEM BBICOTHI TMpeAcTaBieH Ha puc. 9.12. JlanHas peranb
M3rOTOBJIEHA U3 alOMUHUEBOrO juTeiiHoro cmiaBa AJI9. CocraB criaBa: OCHOBA -

QTFOMUHUHN, JIETUpYIOIKe 31eMeHThl: Si 6... 8%, Mg 0,2...0,4%.

Puc. 9.10. Muxkpoctpykrypa ciuiaBa. CTpeakaMu MOKa3aHbl UTJIbl KPEMHUS.
JlaHHas faetanb - OJAHA W3 OCHOBHBIX JETAJ€d CHCTEMBI YIIPABICHUS PYJSIMU

BBICOTHI. [IpoBeNE€HHBIM MakpoaHalW3 IOKa3ajd, 4TO  MaKpOCTPYKTypa B 30HE



W3JI0Ma - TIOPUCTas, C HAJIMYUMEM [IJIAKOBBIX BKIOUYCHUW. J{OMOJIHUTEIbHBIN
MUKPOAHAIU3 CTPYKTYpbI IIO3BOJIMJI  ClIeNIaTh BBIBOJ, O HEKAueCTBECHHOM
MOAU(GUIIUPOBAHUK  CIUIaBa.  MUKPOCTPYKTypa  CIUlaBa  JaHHOMW  JieTajau
npeacTanieHa Ha puc. 9.13. B MUKpoCTpyKType Hapsly C OKPYIJIbIMU 3€pHAMU a -
TBEPJIOTO pacTBOpa KPEMHHUS B ATFOMUHUN U MEJIKO3EPHHUCTON IBTEKTHKH: (a + Si)
HabOmo1aeM rpyObie KpymHbie Uribl Kpemuaus (Si) u xenesa (Fe).

PexomengoBaHO 1)1l JAHHOM AETalW s IOBBIINICHUS €€ MEXaHMYECKUX CBOMCTB U
HaJIE&KHOCTH 3aMEHUTh OTJIMBKY Ha INTAaMIIOBaHHYIO TOKOBKY H3 cruiaBa AKS6,

KOTOpBIﬁ II0 IPOYHOCTHBIM XaPAKTCPHUCTHKAM 3HAYHUTCIIbHO IIPCBOCXOAUT CIIJIaB

AJl19, a umenno: a, = 320...360 MIla, 5 = 12...8%.

Kpome pPaccMOTPEHHOTO HEJ0CTaTKa - OIaCHOCTH MOJTyYeHUs
HEJAOMOAU(PUIIMPOBAHHON CTPYKTYPhl, MOKHO OTMETUTh U TaKHE HEIOCTATKH
MOIU(DHUIIMPOBAHUS CHWIIYMHHOB HAaTpUEM M €ro COJSIMH, KaK CHUKCHHE
KHUJIKOTEKYUYECTH pacIuiaBa, MOBBIIIEHHAS CKJIOHHOCTh K Ta30MOTJIONICHUI0, HO
TJIaBHBIM W3 HUX - 3TO OTPaHMYEHHOE BpPEMs BBIIEP)KKM pacIuiaBa IMoOCIe BBOJA
MoaudukaTopa, 4To CBSI3aHO C MCIIAPEHUEM M OKHCIEHUEM JIETKOTIABKOTO HATPHSL.
WmeroTcst JaHHBIE O MPOBOJIMMBIX MCCIEAOBAHUAX MO BO3MOXHOCTH 3aMEHBI HATPUS
U €ro COeAWHEHUW JAPYyruMU MOAudUKATOpaMH, B YAaCTHOCTH, HamOojee
OOHAAEKMBAIOIIMM  OKa3aJiCsd CTpPOHIUHM. JlaHHBIA MIEIOYHO3EMENbHBIN MeTalll,
M0IOOHO HATPHIO, BBI3BIBAET M3MEIHUYCHHUE ATIOMHUHHEBO-KPEMHUEBON IBTEKTUKH H
B TO XK€ BpeMs oOecreyuBaeT CTaOWIbHBIN 3PGEeKT MOAUPUIIMPOBAHUS PacCILIaBa,
KOTOPBIM COXpaHSETCS MPU AJTUTEIILHOM €ro BBICTAUBAHUU 0 MHIECTH YacoB U
MHOTOKPAaTHOM TeperiaBe MOAU(PUIIMPOBAHHOTO CIIaBa - TPH, YETHIPE pasa.

Jlnd W3MenbyeHus MEePBUYHOTO 3€pHa B KayecTBE MOJIU(UKATOPOB BO3MOMKHO
MPUMEHEHHE TYTOIUIABKUX KapOWUI0B, HUTPUIOB M KapOOHUTPUIOB. XOPOIIHE
pe3ynbTathl  1aéT  00pa0OoTKa  paciulaBOB  CHIYMHHOB  KOMILJIEKCHBIMH
monudukatopamu tuna: Al-Sr-Ti-B u  Al-Sb-Zr-B. CoBmectHoe BO3aciicTBHE
MOAUGDUIIUPYIOITUX  JT00AaBOK  0OOECreuMBacT  CYIIECTBEHHOE  ITOBBLIIICHHE
MPOYHOCTHBIX U TUIACTUYECKUX CBOWMCTB CIUIABOB 3a CUET OJIArONPHUSATHBIX YCIOBHIMA

CTPYKTYpoOoOpa3oBaHus OTIMBOK. I[loJ0KHUTENbHOE BIUSHHE CYpPbMBI W CTPOHIIHS
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Ha (OpMUPOBAHME SBTEKTHUYECKOW COCTABISIONICH YCHIMBAETCS BBEIACHHUEM
nupkoHus. bopa u TuTaHa, coueTaHre KOTOPBIX CIIOCOOCTBYET M3MENBUYCHHIO 3€pHA
a-TBEPAOro pacTBopa u 0Oojiee paBHOMEPHOMY pacrpeneieHuio a + Si 9BTEKTHKH,
KpOME TOTO0, MX pPAacCTBOPEHHU B aJIOMHUHUHM BBI3BIBAECT YIPOUYHEHUE TBEPIOTO
pactBopa. J[loGaBku Oopa Takke OJIArONPUATCTBYIOT YIPOYHEHUIO CTPYKTYPHI.
VYKpeIisitoT rpaHuiibl 3¢peH, 4To 00ecrneynBaeT MPOYHOCTH CIJIaBa U CTa0MIBHOCTD
MEXaHHUYECKUX CBOMCTB, OCOOCHHO IMPH MOBBIIIEHHBIX TEMIIEpaTypax dKCILTyaTaliuu
OTJIMBOK U3 CHJIYMHHOB. B mocnennee Bpemst Bc€ Oosblliee MPUMEHEHNE B Ka4eCTBE
MOIU(PHUKATOPOB JTUTEHHBIX CIUIABOB TMOJYYAIOT YJIbTPAJAUCIEPCHBIE MOPOIIKH
XUMHYECKMX  COCMMHEHUH  (HAHOMOPOIIKH), KOTOpPHIE€  BBIMOJHSAIOT  POJb
JIOTIOJTHUTEIIbHBIX IIEHTPOB KPUCTAUIM3AIMU TIPU TIEPBUYHON KPUCTATUIA3AIINH.

[IpumeHeHHEe KOMIUIEKCHBIX MOJAU(DUKATOPOB  JJIMTENBHOTO  JEUCTBUA IS
00pabOTKM CHUIIYMHUHOB JAa€T BO3MOXKHOCTb CYIIECTBEHHO VYIYYIIUTh CBOWMCTBA
OTJIMBOK, OOecre4nBasi Mpu 3TOM CTaOMJIBHOCTh PE3YJIbTATOB KPYMHOCEPUIHOTO U
MacCOBOTO MPOU3BOJACTBA JIUThA. [l0CIe MHOTOKpAaTHBIX MEPETUBOB U TEPEIIaBOB
cuiymMuHOB.  McciemoBaHus ~— BO3MOXKHOCTM — TPUMEHEHHUST — KOMIUIEKCHOTO
monudukatopa cucreMbl Al-Sr-Ti-B B Buje HaHOMOPOIIKOB, MOJYYEHHBIX U3
JUTATypbl 3TOM CHCTEMBl METOJOM 3JEKTPOIPO3HOHHOTO JAHUCIIEPTHPOBAHUS B
YTIEPOICOIEPIKALITUX cpenax. Mexanuueckue CBOICTBa CILJIABOB,
Moau(HUIIMPOBAaHHOTO KOMIUIEKCHBIM Moaudukaropom Al-Sr-Ti-B. Ha ochose
HAHOTIOPOIIIKA OKa3aJIUCh BBIIIE, YeM Yy CIUIaBa MOJIU(DUIMPOBAHHOTO OOBIYHBIM
monudukatopom Al-Sr-Ti-B. 3Hauenus npenena mMpOYHOCTH U OTHOCHUTEIHHOTO
VJIMHEHUsI CIlaBa, 0O0pa0OTaHHOTO MOAM(PHKATOPOM HA OCHOBE HAHOIMOPOIIKA
cocTaBWIIO Juisi o0OpasnoB, OTIUTEIX B Kokmwib 380..400 MlIla u 3...6%.
[lokazarenu TPOYHOCTH W IJIACTHYHOCTH COXPAHWUIUCh TPU  JUTUTEITHLHOM

BBICTAMBAHUHU PACIlJIaBd, 10 ABYX 4YaCOB.

Creuennbiii  amomunueBbii  nopomok (CAIlI) — »3To mMarepuan mOTy4YEeHHBIN
XOJIOJTHBIM, a 3aTeM TOpAYUM OpUKETUPOBAHHEM (IIPECCOBAHUEM TIIOJ| JIABJICHHEM
700 MIla mpu 500—600 °C) mpeaBapuTeIbHO OKHUCICHHOW ATIOMHUHHEBOW ITyJPHI

(uenryek TonmuHOM 10 1 MkMm). [ToToM U3 ropsiuenpeccoBaHHBIX, OPUKETOB KOBKO,
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MPOKAaTKOM WM TPECCOBAHMEM U3TOTABIMBAIOT W3JENUA WIM Moxy(paOpuKarsl.
[TockonbKy Kakas 4acTUYKa MyApPbl MOKPHITA TOHKUM CIIOEM OKCHJA aTIOMUHUSA,
TO 4eM ToHbIe mynapa, TemM Oonbimie B CAlle okcupa amOMHUHHS, BBILIIE €rO
MIPOYHOCThb, HO HMKe InacTuuHocTh; B CAlle comepxutrca AI203 ot 6 no 22%.
CAIl xapakrtepusyercsi BBICOKOM NPOYHOCTBIO M KAPONPOUYHOCTBIO  MpHU
noBbleHHbIX Temneparypax (350—500 °C). Tak, BpeMeHHOE CONPOTUBICHUE
CAlla npu 500 °C konebnercs B unTepBaie 80—120 Mlla (B 3aBuCHUMOCTH OT
conepxkanus Al203). PasnoBuanocteio CAlla sBisiercs crmiaB CITAK-4 (cuctemsr
Al—Cu—Mg—AI203), B KOTOPOM BIIEPBBIC HCIIOJH30BAHO  COBMECTHOE
yIPOYHEHUE ATIOMUHHEBOW MaTpuibl okcumgamu (AI203) u MHrepme-TaIMIaMH
(manpumep, AbFeNi u ap.). O6nanast BEICOKON IIUTENbHONW MPOYHOCTHIO Tpu 350
°C (B 2—2,5 pa3a Oonbueii, yem y crmnaBa AK4-1), cnmas CIIAK4 wmoxer
MPUMEHATHCS IS paboTarouux Ha GOPCUPOBAHHBIX PEKUMAaX MOPUIHEH.
Cneuennble amtoMunuenble cruiaBbl cucteM Al—Si—Ni (CAC-1) u A1—Si—Fe
(CAC-2), ornuyaromuecs HU3KUM KO3(D(PUIMEHTOM TEPMUYECKOTO paclIupeHus,
M3rOTaBIMBAIOT M3 MOPOIIKOB, TMOJIYYEHHBIX MYyJIbBEPU3ALMEH KUIKUX CILJIaBOB.
OTo obecrneunBaeT CIJIaBaM JIOCTATOYHO PaBHOMEPHYIO IUCHEPCHYIO CTPYKTYpY,
coJiepKalllyt0 MEJIKHE BKIIOUYEHUSI KPEMHUS U MHTEPMETAJUIH/IOB.

B Hacrosiiiee BpeMs MOJY4YUIIM PACHPOCTPAHEHUE TpaHyJIHUpYyeMble aTIOMUHUEBBIC
CIUIaBBl, OTJIMYAIOIIMECS BHICOKUM COAEpKaHUEM Jierupyromux sneMentos (Mm, Cr,
Zr, Ti, V), HepacTBOPUMBIX WJIM MaJlOpPACTBOPUMBIX B aJlOMUHUU. ['paHylupoBaHue
(monmyuyeHue TpaHysl — JUTHIX YaCTUIl C IUAMETPOM OT HECKOJbKUX MHJLTUMETPOB
10 JECAThIX J0Je MUJUTMMETPA) OCYIIECTBISIOT pACHBUICHUEM paciiiaBa C
BBICOKHMH cKopocTsamu  oxmaxmenms (10°—10% °C/c) B Bome. Ilpum oToMm
00pa3yloTcsl TEpEChINICHHbIE TEePEXOJHbBIMU METaJUlaMH TBEPIbIE PAcTBOPHl Ha
OCHOBE QJIIOMUHUS; OJHOBPEMEHHO H3MEHSIETCSI CTPYKTypa: TpyOble MEpBUYHBIE U
ABTEKTUYECKHE BKIIIOUEHHUS WHTEPMETAUIMIOB (TIPUCYLIUE CIUTKAM, MOIYy4YaeMbIM
no OOBIYHOW TEXHOJIOTMH) CTaHOBATCA Oojiee TOHKMUMH M  PaBHOMEPHO
pacrnpe/ieieHHbIMU, YTO TOBBIIIAET MEXaHWYECKHE CBOMCTBa CIUIaBOB. M3 rpanyn

M3rOTaBIMBAIOT MPECCOBaHHbIE MONYy(HaOPUKAThI U JUCTHI JIOOBIX ATIOMUHUEBBIX
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cruiaBoB. B mporecce ropsiuedt gedopManuu npu  MOJNyYeHHH TOTy(haOpUKaToB
AHOMAJIbHO TIEPECHIIICHHBIE TBEPJbIE PACTBOPHI PACHANAKOTCS C BBIICICHUEM
JUCTIEPCHBIX YaCTUI] HHTEPMETATUAOB. TakumM o0pa3oM, TEXHOJIOTHYECKUI HarpeB
10 400—450 °C mpu M3roToBICHUU MONY(PaOPUKATOB SBISETCS YHPOUHSIOIINM
CTapeHueM cIutaBa. Poilb 3aKayKu i TAaKUX CIUIABOB UTPAET KPUCTAILIU3AIUS MIPH
OOJIBIINUX CKOPOCTAX OXJIAXKICHUS.

JIuCepCMOHHO TBEpACIOUM TrpaHyaupyeMmbiM sBisieTcss cmuiaB 01419 cucremsl
A1—Cr—Zr, xoTOpBIN yrpouHsieTcsi BcieacTBue Boiaenenus paz AlZr, A bCr npu
npeccoBanun npyTkoB. CriaB 00JIaaeT MOBBIIICHHOW KapompoYHOCThIO 70 350
°C.

Jpyroii Tpynmoil TpaHyJIHpPYEMBIX CIUIABOB SBISIIOTCS BBICOKOIIPOYHBIE CILIABbI
tuna B95, B96I] cucrembl Al—Zn—Mg—Cu (nanpumep, [1B90), ynpouHsemsie
tepmuueckoir oOpabotkoit. Cra [IB90T1 mnpeBocxoauT 1o MPOYHOCTH U
TEMIIEpaType PEKPUCTAIUIM3AIMN BCE CepuitHbie nedopMmupyembie altOMHUHHUEBHIC
craBbl. CrnaB [1B90 xopomio monmupyercst u oOpadateiBaercs pezanuem. OOnanas
pa3MepHON CTaOWJILHOCTBIO, OH TEPCHEKTUBEH MJII WM3TOTOBICHUS 3€pKas, y3JIOB
TPEHUS U APYTUX OTBETCTBEHHBIX JETaNCH BHICOKOTOYHBIX MPUOOPOB.
KoMno3uimonHsie aatOMUHHUEBBIE CIUIaBbl. BOJIOKHHUCTBIE KOMITO3UIIMOHHBIE
MaTepuabl MOJYy4alT, apmMupys amomuHueBble cruiaBbl AJ[1, AJI33 OGopHbiMuU
BosiokHamu (BKA-1, BKA-2). Dtu martepuanbl UCHONB3YIOT Al M3TOTOBJICHUS
cTpunrepoB, T1pyO. Jns xkommosunmoHHbx MarepuanioB BKA-1 u BKA-2
XapaKTEPHbI BBICOKUE 3HAYEHUS] HUKJINYECKON MPOYHOCTU. AJIFOMUHUEBBIE CIUIABBI,
apMmupoBaHHble cTanpHOM TpoBosiokol (KAC-1, KAC-1A, Ttabn. 8.6), moryr
MoJiBeprathcsi TuOKe, 00J1a/1at0T BHICOKON YJapHON BS3KOCTBIO M KAPOIPOYHOCTHIO,
OOJNBIIMM  COTMPOTHUBIIEHUEM  PACTIPOCTPAHEHUIO  YCTAJOCTHOM  TPEIIMHBI U
3HAYUTEIbHON NPOYHOCThIO. IIpuMeHeHue HakiIagoK (CTOIIEpPOB) M3 Marepuana
KAC ymeHbIaeT cKOpoCTh paclpOCTpaHEHHUs TPEHIMHBI 0oJiee YeM B MATh pa3 Mo

CPAaBHCHHIO C HAKJIAAKaMH U3 TUTAHOBBIX CILIABOB.
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Pexomenmyemast mtepatypa: MarepuaioBeieHUE U TEXHOJIOTHS MaTePHAaJIOB:
yueOnuk / ['.I1. derucos, ®.A. lNapudymnun. - M.: HUL] UHOPA-M, 2014. - 397
c. ctpl8l1..., ctp. 174

http://znanium.com/bookread2.php?book=413166

cTp.273...288

KonTposabHbIE BOIPOCHL:
1. Tlo kakuM mpuU3HAKaM KIACCU(PUIIUPYIOTCS CIUIaBbl HA OCHOBE AaFOMUHUSA?
Pa3paboraiite wunHTemIekT-kapty «OOmas Kiaccu@uKalus CIUIaBOB Ha OCHOBE
ATMIOMUHUA» C TpUMEpaMH [0 KaKIOW Tpynme CIJIaBOB U PEKUMaMU  UX
TepMOOOPAOOTKH.
2. Kakas wMapkupoBKa TMPUMEHSETCS TNPU  TEXHOJIOTHYECKOW  00paboTke
AJIFOMHUHUEBBIX CILJIABOB?
3. [lepeuncnure BUIABI TEPMOOOPAOOTKH CILIABOB HA OCHOBE AIIOMHUHHS, YKAKUTE
UX BIMSIHUE HA CTPYKTYpPY U CBOMCTBA CILJIABOB.
4. Kakum 00pa3oM MpaBUIBLHO BBIOpATh TeMIEpaTypy HAarpeBa AYPaTIOMUHOB TOJ
3aKankKy?
5. B uém 3akiouaeTcsi cTapeHue CIUIaBOB Ha OCHOBe amomuHug? Kakum oOpazom
BIIUSIET CTApEHUE Ha CTPYKTYPY M CBOMCTBA CILJIAaBOB?
6. B uém 3akiroyaeTcsi €CTeCTBEHHOE M MCKYCCTBEHHOE CTapeHue?
7. B uém 3akimroyaeTcss CYIIHOCTh MOJUGUIIMPOBAHUSA CIUIABOB HA OCHOBE
AITFOMUHHUS?
TpeboBanus k opopmiIeHHIO OTYETOB TIO JIAOOPATOPHBIM PAbOTaM.
Bce otuéthl no abopaTopHbiM paboTaM 0hOPMIISIOTCS HA CIIEUATBHO
pa3paboTaHHbIX OnaHkKax oT4ETOB Qopmara A4.
Kputepun o1nieHKH OTBETOB OOYYArOIIMXCS MPH 3alUTe 1a00paTOPHBIX paboT:
1.100... 86 6anoB - OlIEHKA «OTIMYHO» (3a4TEHO) BHICTABIISACTCS, €CIIU:
OoOy4aromuMcsl TIPEICTABICH MPAaBWIbHO OGOPMICHHBIA OTYET, JaH IOJIHBIMH,
pa3BepHYTHII OTBET HA TIOCTABIEHHBIM BOMPOC, TMOKa3aHAa COBOKYMHOCTh
OCO3HAHHBIX 3HAHUN 00 00BEKTEe, JOKA3aTEIbHO PACKPHITHI OCHOBHBIE TOJOKEHUS

TEMbl; B  OTBET€  IMPOCIEKUBAETCS  YETKas  CTPYKTypa,  JIOTMYECKas


http://znanium.com/bookread2.php?book=413166

MOCIIEZIOBATENILHOCTh, OTPAXKAIOIasi CYHIHOCTh PACKPHIBAEMBIX IOHSATUH, TEOPHl,
apreHuil. 3HaHHE 00 OOBEKTe JEMOHCTpUpYETCs Ha (OHE MOHUMAHUS €ro B
CHUCTEME MATEepPUANOBEJCHUS W MEXIUCIUILTUHAPHBIX CBsi3eil. OTBET WH3I0XKEH
JUTEPATYPHBIM SI3BIKOM B MAaTEPUATIOBEIYECKUX TEPMUHAX. MOTYT OBITh JOIYIICHBI
HEJ0YEThl B OMpPENEICHUN TOHATUN, HCTIPABICHHBIE CTYJICHTOM CaMOCTOSITENILHO B
npolecce OTBeTa

2.85... 76 GamioB - OlEHKa «XOPOIIOY», (3aUTE€HO) BHICTABIISETCS, €CIIU:
00y4aromuMcs TIPECTaBICH MPaBUIHHO OQOPMIICHHBIA OTYET , OOyUaromuUMCs JaH
IIOJIHBIN, Pa3BEPHYTHIM OTBET HA ITOCTABIICHHBIA BOIIPOC,

MOKa3aHO YMEHHE BBIICIUTh CYIIECTBEHHbIE U HECYIIECTBEHHbIE TMPU3HAKH,
MPUYMHHO-CIIEACTBEHHBIE CBA3H. OTBET YETKO CTPYKTYPHPOBAH, JTOTUYEH, U3JIOKEH
JUTEPATYPHBIM S3bIKOM B TEPMHHAX MaTepuajoBeleHus. MOryT ObITh JOIMYIICHBI
HEJ0YEThl WIM HE3HAUUTEIbHBIC OIIMOKU, WCIPABICHHBIE CTYJIEHTOM C IOMOIIBIO
MpernoaBaTes

3.75...61 Gamn - oleHKa «yJOBIETBOPUTEIHHO» (3aYTEHO), BBHICTABISCTCS, €CIIH:
oOydJaromuMcsi TPEACTaBIEH OTYET C HE3HAYUTENbHBIMU HEI0UYETaMU, JIaHBI
HEJOCTAaTOYHO TIOJHBIE W HEJAOCTATOYHO pa3BepHyThle OTBeThl. Jlormka wu
MOCIIEZIOBATENILHOCTh M3JI0KEHUSI HUMEIOT HapyiieHus. JlomyIieHbl OImMOKU B
PACKpBITUM TOHATUH, ynoTpebiieHnu TepMuHOB. OOyyaromuiics He CrocoOeH
CaMOCTOSITENIbHO BBIJICTIUTh CYIIECTBEHHBIE M HECYIIECTBEHHbIE TMPU3HAKH U
MPUYMHHO-CIIEACTBEHHBIE  CBsi3W.  OOyvaromuiicss MOXET KOHKPETHU3HPOBATh
000O0IICHHbIE 3HAHMS, JOKa3aB Ha MPUMEPAX WX OCHOBHBIC MOJIOXKEHHUS TOJIBKO C
MOMOIIBIO TPENOIaBaATENS

4.60... 50 - oueHKa «HEYJOBIETBOPUTEIHLHO» (HE 3aYTEHO), BHICTABIIAETCS, €CIIU:
oOydJaromuMcsi TPEJCTaBICH OT4YET  CO 3HAYUTENbHBIMU Hemouéramu. JlaHbl
HEMOJIHBIE OTBETHI, NPEJCTABISIONINE COOO0N pa3po3HEHHBbIE 3HAHUS TI0 TEMe
BOIIPOCOB C CYIIECTBEHHBIMU OLITUOKAMH B OTIPEACICHUSIX.

[IpucyTcTBYIOT (hparMeHTapHOCTh, HEJIOTUYHOCTh U3NIoKeHus1. OOydarommiics He
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OCO3HAeT CBS3b JIAHHBIX TOHATUW, TEOPHH, SIBIEHUN C JPYTrUMH OOBEKTaMHU

IUCIUIUIMHBL.  OTCYTCTBYIOT BBIBOJbI, KOHKPETH3allMsl M  J0Ka3aTeIbHOCTh

u3NoKeHus. Peub HerpamoTHast. J{OMOJIHUTENbHBIE U YTOUHSIOIIME BOIPOCHI

MpEenoiaBaTesiss HE MPUBOAAT K KOPPEKIMH OTBETa CTyAEHTa HE TOJbKO Ha

MOCTaBJIEHHBIE BOIIPOCHI, HO M HABOJSAIIUE BOIPOCHI.

PaGoTa c JeKIIMOHHBIM MaTEpPHUaIOM U JUTEPATYpPOU MPU MOJATOTOBKE K

MPOBEJICHUIO TPAKTHYECKUX PAOOT M WX 3aIIUTE:

3anarue 1. Cucrema oprasum3anum TpyAa, NPUHUUNBI (opMHpPOBaHUS

HABBIKOB CaMOCTOSITeIbHOI padoTbl. Hay4yHble wuccienoBaHuss B 00J1aCTH

MaTepuaJjioBeaeHus. (2 yac.)

[InaH npoBeaeHUs 3aHATHS U U3y4YaeMble Ha 3aHATHH BOIIPOCHI:

l.Cuctema opraHuzanud TpyJa U TOPUHIOUNBL  (OPMHUPOBAHUS  HABHIKOB
CaMOCTOSITENIbHON pabOoThI

2. Hayunble uccnenoBanus B 0071aCTU MaTepUATIOBEICHHS.

3. llenu 1 3a1a4n HAyYHBIX UCCIEAOBAHUM

4. BoisBrieHUE YPOBHS BJIAJICHUS 3HAHUSIMU M YMEHUSIMHU, CIIOCOOHOCTH U MHTEPECHI
CTyJIeHTOB B oOmactu HUP

5. BeiOop TeMbl HAYYHOT'O UCCIIETOBAHUS

Bormpocs! 1151 TOATOTOBKU K MPAKTUYECKOMY 3aHSITHIO:

1. Kak BbI MOHUMAETE OMpEACIICHUE «CaMOCTOsTeNbHAs paboTay?

2. Kak mo Bamemy MHEHUIO C(HOpPMHUPOBATh HABBIKM CAMOCTOSITELHOW pabOTHI Y

oOyJaromuxcsi B BeICIIEH 1IKOIIE?

3. Jlns aHanu3a BalIero OTHOIICHHS K CaMOCTOSITENIbHOM paboTe OTBEThTE Ha

CJIEIYIOIME BOIPOCHI:

1. 3aBucuT 11 camooOpa3oBaHUE OT JUYHBIX OCOOEHHOCTEH U Ha | Her He suaio
KU3HEHHBIX YCTAaHOBOK CTyJAeHTa?

2. Kak BbI 1ymaerte, (hopMupyroTcs iu camooOpaszoBaTtenbHbie ymenuss | Jla | Her He s1aio
B XOJI€ CAMOCTOSITENILHOU JIeATENIbHOCTU CTyIeHTa?

3. Ynensere 1y Bbl BHUMaHHE CBOEMY caMO0Opa30BaHUIO B By3e? Ha | Het | He 3nato
4. Bl cornacHsl ¢ yTBEpKJCHHEM, UTO pOJib MpenoaaBatens seusercs | Jla | Her He 31410
JTYYIIUM MOTHBALIMOHHBIM (hakTopoM B yuebe?
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5. SABnserca mu HUPc (nayuno-uccrnenoBatenbckas pabota) ogauMm u3 | Jla | Her

o He 3naro
BUJIOB CaAMOCTOSITEJIbHOM J€ATEIbHOCTU CTYJEHTOB?

6. 3aHuMaeTech JIM Bbl KAKUM-JIMOO BUIOM HAyUHOW NESATENHLHOCTH Ja | Her

He 3naro
(narmucanue pedepaToB, BBHIIOIHEHHE KYpCOBBIX paboT...)?

7. Beictynanu sin Bel ¢ pe3ynbraTamu CBO€ Hay4HO- Ha | Her
UCCIIEZI0BATENILCKOM JEATEIBHOCTH Ha HAyYHO-IIPAKTHYECKUX
KoH(pepeHuax?

8. Bbl ymeeTe m1aHMpOBaTh CBOKO CaMOCTOSITEIbHYIO PaboTy? Ha | Her | He 3nato

9. JloBONBHBI JIM BBl OpraHU3allell caMOCTOATENbHOM paboTel B By3e? | Jla | Her | He 3naro

10. BeI coryacHsl ¢ TeM, 4TO Ha CTapLIMX Kypcax BEAYILIYIO pOJib Ha | Her He s1aio
JOJDKHBI UTpaTh caMo0Opa3oBaHUE U CaMOCTOSITEIbHAS IEATEIbHOCTh?

11. Cornacusl 11 Bbl ¢ yTBep)kaIeHHEM, UTO CaMOOOpa3oOBaHHUE Ha | Her He 3120
CHOCOOCTBYET KaphepHOMY pOCTy?

12. Cuuraere 11 BBl MPABUILHBIM B Y4€OHOM MpOILIECCE By3a Ha | Her He suaio

YBCJIHWYCHUC YUCTIa YaCOB HAa CAMOCTOATCIIBHYO pa60Ty CTy,HeHTOB?

3. OtBeThTe Ha Bompoc: «['OTOB JIK g K BHITIOJTHEHUIO CAMOCTOSATEIHHON PabOTh»?
4. BBINIOTHUTE TECT:
«CIIOCOBHOCTDb K HAYUHOMY TBOPYECTBY»
WNHcTpykuusi: oTMEThTE BONpOC A, eciiu yTBEepKIeHue «aa»; B, ecou «uer», C, ecnu

IPYrox OTBET

A B C
JI1000nbITCTBO
1. MeHns Bce UHTEpeCyeT ¢ epBOro B3risaa na HET o

00CTOSITENILCTBAM

2. Y MeHs €CTb HHTEPEChl TIOMUMO OCHOBHOT'O na HET HHOI'Ia
3aHATUI
3. B cBoGoaHOE BpeMs y MEHS TOXKE €CTh na HET BpeMs OT
CepbEe3HbIE JIea BPEMEHH
4. A craparoch pacuMpHuTh Ty 00JIaCTh, KOTOPOM na HET HHOI'Ia
3aHUMAIOCh
5. A Bcerna xouy 3HaTh 0oJbIIE 000 BCEM I[a HET HHOTIa
6. A c ynoBosbCTBHEM cOOMpard UH(OpMAIIHIO na HET HHOI'Ia
7. UuTaTth 019 MEHA... HEOOXOIUMOCTh CKYKa | YJIOBOJIbCTBHE
YuopctBo
1. Korga s Gepych 3a 1eno, To HaMepeH JOBECTH na HET 3aBHCHUT OT LEIU
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€ro JI0 KOHI[a

2. A1 3akaH4MBAIO TO, YTO HAYA na HET UHOT A
3. Heynaua MeHs1 oOecKypakuBaet 1a HET I CMEIOCh Hajl
ITUM
4. Heynava moOy»/i1aeT K pa3MbIIUICHHSIM na HET HEMHOTO
3a]TyMBIBalOCh
5. Pagu nena st rOTOB MOYKEPTBOBATh na HET BpeMsi OT
YJIOBOJIbCTBUSIMH BpPEMECHH
Yecrosmooue
1. B mpodeccuu ans MeHs BaxHO... TBOPYECTBO CIOKOH- | Xoporias
CTBHE 3apIuiaTa
2. EcTb Benmukue 1011, KOTOPHIMU I na HET UHOT A
BOCXUINAIOCHh
3. Bo3amoxHO, s iepeMeHro npodeccuro Ha na HET
0oJice UHTEPECHYIO
4. Payu HOBBIX 3HAHMIA 51 ObI OXOTHO MOCEIIANl  |1a HET HE OYCHb
CIICIIUAIbHBIC KYPCBHI
5. A mo06iT0 BCTPEUH U TUCKYCCHH OYEHb HET YMEPEHHO
6 A 1100110 KOJUICKTUBHYIO paboTy na HET MOry
MPUCTIOCOOUTHCS
HN300peTaTesibHOCTD
1. 5 pa3MpIIUISA0 O MEXaHU3MaX MBIIUICHUS  |1a HET €CJIM BBIHYXKJICH
2. MeHs uHTEpeCcyeT yCTPOUCTBO MpUOOpa, KOTO na HET UHOT A
PBIM TIOJIB3YHOCh
3. A npencrarisito, Kak MOXKHO €r0 yIydIlIuTh |1 HET UHOT A
4. Jlymaro, 4TO y MEHsI YMEJIble PyKH na HET KOE-4TO YMEIO
5. MeHs MHTepeCYeT JIOTUKA B PACCYXKICHHUIX na HET HE BaKHO
6. Pa3MbInuisisi, 1 TOTOB OTKa3aThCsl OT CBOUX na MOKET OBIThH
NpeJICTaBICHUI HET
Mou cuiibHBIE CTOPOHBI
1. 310pOBbe MO3BOJISIET MHE HATIPSYKEHHO na HET YMEPEHHO
paboTaTh
2. B obmem, MHE Be3eT na HET UHOT A
3. Mos maMsThb... Xoporias HE CpemHsist
OYCHb
4. MeHs nipuBiIeKaeT HeoObIYHAS UHOpPMAIKS |a HET Tak cebe
5. A yOex/eH B IIGHHOCTH KBaJTM(UKAITUH na HET B HEKOTOPOU
CTCIICHH
6. A BwIOpas Ipodeccuro... [0 TIPU3BAaHUIO |CIly4allHO| W3-3a 3apILIaThl
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7. A mo6ro MeuTath U paHTa3uPOBATh na HET MHOI1a

8. He mo0mo oguHOUecTBa na HET HEMHOTO

9. JIro0:110 pa3MbIIIATh B YEIUHEHUU na HET 3aBUCHUT OT
CUTYyalluu

10. Korpa HyXHO, s yMeI0 na HET HE Bcerja
yCIIEIIHO

11 .Mou Hay4HbIE HHTEPECHI

PE3VIJIBTAT:

Ecau GoNbIIMHCTBO BallluX OTBETOB B KOJOHKE «A», TO BBl B IIOJTHOM Mepe
OIapEHbl TBOPYECKUM TEMIEPAMEHTOM M Balld TaJaHThl MPOSABISAIOTCS B
n3o0perarenbeTBe. Ho BBI elie He cenmaiu HU4ero opuruHaibHoro? Bo3molkHoO,
3TO OTTOTO, YTO BBl OYEHHb MOJIOJBI MJIM K€ CKIIOHHBI OpaThes 3a Bce mojpsa. B
JT000M CliTydae Ballle jKeJTaHUE OBITh TBOPIIOM YXK€E MPOSBUIIOCH.

BonpmMHCTBO OTBETOB B KOJIOHKE «B» 03Ha4aeT, 4TO BbI JIOBOJIBHO 0O€3-
pa3IM4YHbl K TBOpYECTBY. MOXKET, [€JI0 B YPE3MEPHOM CKPOMHOCTHM M IIac-
cuBHocTu? Ecim BBl HE 3agymaeTech HajJl 3TUM, TO BCHO JKM3Hb OCTAHETECh
XOPOIIMM HCIIOJIHUTENIEM, 4YTO, BIPOYEM, TOKE HeEmioxo. Ho He crout orop-
Y4aThCsl M B ATOM CJIy4ae, €CJIM BaM TBEPJI0 M3BECTHO, YTO CIIOCOOHOCTEH K Hayke
HEeT. BBl € IOMHUTE OCHOBHOW IIPHUHIMII TICUXOJWArHOCTHUKHW: HET JIOACH
OcecTajlaHHBIX, a €CTh JIFOJIM, 3aHATHIE HE CBOUM JICJIOM.

BbonpmuHCTBO 0TBeTOB B KOJIOHKE «C» CBHUACTEIBCTBYET, YTO BHI, 0€3
COMHEHHUS, MOXKETe J0Ka3aTh TBOPUYECKYIO CIIOCOOHOCTh, HO HE XOTHUTE ATO JCINATh.
Bo3M0XHO, YTO Baml TBOPYECKMM yM HM30HpaTelieH M MOXET IMPOSBHUTH ceOs B
HEKOTOPBIX O00JIaCTAX. OWHINTEHH, HampuMmep, ObLI T'€HHUAJIBHBIM TBOPIIOM, €CITH
peub mia 006 aOCTpPaKTHBIX HIESAX; HO €ro COBCEM HE HMHTEPECOBAIM MaJICHBKHE
M300peTeHus JUIs TOBCeIHEBHON Xu3HH. CTapalTech HE OBITh YEJIOBEKOM OJIHOM
U7IeH, IOTOMY YTO HE y BCEX BO3MOXKHOCTH DWHINTeHa. Ynu monmpoOyiite XOoTs Obl
pa3BuThL OoNbIlle MaJCHBKMX WJEH, YTOOBI TOAIEpkKaTh Ty, KOTOpas Bam

JNEUCTBUTEIBHO TI0 CEPAILY.
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